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The   litoratiirs   on   the    subject   of   the    physiological   activ- 
ity  of   alcohols    is   very    extensive;    its   abnormal   prov/th  appears   to 
those   v:ho   study   and  make    an   effort   to   keep   abreast    of   the    progress 
and    advancement    of    experimental    therapeutics,    oiit    of   all  proportion 
to  any  real    increase    in   our  knov;ledp;e    of   the    subject.      In   attempt- 
ing  therefore,    a  very  brief  review   of   the    scientific   work   that    has 
been  done    in   this   direction,    all    speculative    literature      is   exclu- 
ded. 

One    of   the    earliest    series    of    investigations    on    tlie    com- 
parative  physiological    effects   of   alcohols    is   reported    in   Liebig's 
Annalen    (    d.    Ghemie  u.    Pharmacie   LXTxIII   p.    213)   for    1850  by   T. 
Sclilossberge'r   who   worked   ujnder  Griesinger.       This    report    is    very    in- 
complete,   stating   simply  tliat    chemically  pure  metliyl    and   amyl   alco- 
hol  vms   experimented  v/ith    and   that    their    action    is    similar      to   that 
of  Ethyl    alcohol.      As    regards    intensity   of    action   amyl   alcohol   does 
not    exceed  Ethyl   and.  methyl   alcohol.        Tlie    animals    experimented  up- 
on  were    cats,    dogs   and   x'abbits.         Tlie    statements    of  method   em.ploy- 
ed   and    of    the   results    is    quite   unsatisfactory. 

Nothnagel    and   Rossbach   in   their   Handbuchder  Arzneimitt- 
ollehro"    (ISSO,    p.    3^0)      give   an   account    of   experiments   witli  the 
first   five  members   of    the    ethyl ic   alcohol    scries.      The   action   of 
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all   are    said   to  be    similar    in    quality   but   different    in    quantity. 
The    poisonous   property    increases    vrith   the   rnolectilar    structure   being 
least  marked  xiith  rnethylic    and  most  marked  with  amylic    alcohol. 
On  the    authority   of   a   thesis   by   one  A.   F     A.    Gros    "L'action   de    1' 
Alcool   ajnyliqi::e    sur   1 'Organisrne"    Strassbourg   18-33,      llothnagel   and 
Rossbach  rive   a  definite   numerical  relationship    stating  Amylic    to 
be  thirty   times    as    strong   as  methylic    and   fifteen   times    as    strong 
as      ethylic    alcohol.      From   this    one    would   be    justified    in    conclu- 
ding that    "Gros"    foiind    ethyl    to  be    fifteen   times    stronger    than  me- 
thyl   alcohol. 

Dtijardin   Beaumetz   and   Audige   h.ave    pLiblished   a   series    of 
investigations    on    the    comparative    toxic    properties    of    the    alcohols 
in  Compt    rend   LXXXI   p.    152-154   and   LXXXIII   p.    SO    of   which   we   find 
abstracts    in   the    Journal    of    the   Chemical    Society.    Vol.    29,    ISSo, 
Vol.    30,    p.    539.      Tiiese    experiments   consisted    in  administering 
varying  proportions    of   ethylic   propylic,   butylic    and   amylic    alco- 
hols   to    various   dogs,    the    quantities    in    some    cases    being   passed    in- 
to tiio    stomach,    in    others    injected   under    the    skin.      The   v/eight    of 
the      doses        administered  was    in    every   case   Icept    in  ratio   to   the 
v/eigiit    of  the    animal    operated  upon.      The   following   conclusions    ai'-e 
drawn  from  the    results. 

I.         The   toxic    properties    of   fermentation   alcoliols 
follov/   their   atomic    composition    in    a    sort    of   mathematical    order. 


The   higher   the   figures   representing  the    atomic    composition   the 
more   considerable    is   the   toxic    effect.        This    is    equally   true   Tfhe- 
ther   they    ai-e    injected  Txnder  the    skin  or    introduced    into   the   stom- 
ach. 

II.  Por   the    same    alcohol    the   toxic   action    is    great- 
er Tfhen   the    dose    is    administered   tlirougli   the   stomach  than   subcuta- 
neously,    in   the    latter   case   the    toxic    effect    is    increased  by  dilu- 
t  i  on . 

III.  The   toxic  phenomena    are   the    same   for    all   alco- 
hols   save    in   th.e   degree    of    intensity.        The    injuries   caused  follow 
in   a  progressive    scale,    from  the   ethylic    to  the    amylic   alcohol. 
The    inJLiries   to   the  mucous  membrane    of   the    stomach  being   just    as 
great   whether    the    alccliols   are   administered   stibcutaneously   or   are 
ingested  by   the    stomach.      Severe    congestion  of   the    small    intes- 
tines was   noticed    in   some    cases,    in   whichever  rray   the   alcohols  had 
been    administered   and  moreover    it   vfas   noticed   that   for  the    same    al- 
cohol,   the    congestion  and  pi;lmionary   apoplexy  were  most   frequent 
when   the   alcohol  had  been   administered   by   the   stomach. 

In   the"Bulletin   gen.    de   therap"    Sept.    30th,    1884  p.    251, 
Dujardin  Eeaviraetz   and   Audige   give   the   following   table    of   toxic 
doses    of   alcohols   per  Kilogram  weight    of   animal   causing  death   in 
24   hours. 


Table   of    Dujardin   Eeaumetz   and  Aiidige    of  toxic   doses   of   alcohols 

in      Grar-TS  . 

Pure  Diluted. 

Ethyl  S  7.75 

Propyl  2.90  3.75 

F.utyl  2  1.85 

Amyl  1.70  1.50—1.80 

Methyl  7. 

Duyardin,  Beaumetz  and  Audige's  experiments  have  been  in 
part  repeated  by  Stenber^;:  (Sten  Nacra   experimentela  bidrag  till 
belysande  of  fragan  om  det  inflytaupe,  som  brauvinets  fororenin 
gar  hafrapa  dess  fysiologis  ka  verkninrar  J   IJardiskt  Med.  Arkiv 
EX.  N.  21. 

This  observer  believes  that  the  methods  of  the  French  in- 
vestigators have  led  them  to  defective  results.   By  injecting  the 
alcohols  subciitaneously  in  the  doses  used  by  them  he  found  them  to 
cause  great  pain,  irritation  and  suppxirat ion.    Ke  holds  t}:at  the 
amount  of  Glycerine  viith   which  Dujardin  Beaumetz  and  Audige  have 
in  part  injected  their  alcohols  subcu.taneously ,  is  itself  suffici- 
ent to  cause  death. 

In  Phluger's  Archiv  for  1S74  Vol.  VIII  (005)  are  publish- 
ed a  series  of  resume's  and  experiments  by  J.  Dogiol,  which  are  of- 
ten referred  to  as  proving  the  alcohol  really  stimulates  the  heart 
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and  raises  blood  pressure.    According  to  Wood's  Handbook  of  Thera- 
peutics, it  is  affirmed  by  Dogiel,  that  arterial  pressure  is  at 
first  increased  and  then  diminished.    During  the  latter  state  the 
vaso  motor  centres  are  found  to  be  incapable  of  responding  to  stimu- 
lation.   Tlie  rate  of  the  heart  beat  is  stated  to  be  at  first  ii>- 
creased,  then  diminished,  then  increased;  the  first  increase  being 
owing  to  the  stimulation  of  the  accelerators,  the  diminution  to 
stimulation  of  the  vagus  and  the  final  increase  to  paralysis  of  the    ' 
same.    This  experimental  evidence  to  H.  C.  Wood  Jr.  seems  to  con- 
firm the  clinically  known  fact,  that  alcohol  in  moderate  amounts 
powerfully  stimulates  the  heart  and  circulation,  but  in  poisonous 
doses  diminishes  both  the  force  and  frequency  of  tiie  pulse. 

Another  contribution  to  our  knowledge  of  the  physiologi- 
cal action  of  alcohol,  which  has  scientific  merit  is  that  of  Dr.  H. 
Zimmcrberg   f Untersuchungen  uber  den  Linfluss  des  Alcoliols  auf  die 
Thatigkeit  des  Herzens.)   (Dorpat  1869).    Tl-iese  studies  were  car- 
ried on  with  men  and  frogs,  rabbits  and  cats.    Ziminerberg  asserts 
that  alcohol  causes  a  decided  reduction  of  the  pulse  rate  and  of 
arterial  pressure.    If  the  vagi  were  cut  during  the  depression,  a 
sudden  rise  beyond  the  normal  point  in  both  pulse  rate  and  arte- 
rial pressure  occurred.    Wlien  tiie  alcohol  was  injected  towards 
the  heart  into  the  jugular  vein,  the  fall  in  the  arterial  pressure 
was  almost  instantaneous  and  very  marked.    After  section  of  tne 

vagi  the  alcohol  lessened  the  arterial  pressure  witliout  affecting 
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the  pulse  rate  (so  far  quoted  from  Wood's  Therapeutics).    As 
these  observations  are  opposed  to  clinical  experience  it  was  pre- 
sumed that  some  fallacy  must  be  underlying  them,  which  v/as   by  H. 
C,  Wood  Jr.  found  in  the  enormous  doses  of  alcohol  used  by  Zimmer- 
berg. 

According  to  Dr.  J.  W.  Warren  ("Alcohol  Again, Boston 
Medical  and  Surgical  Journal,  July  7th  and  14th,  1887),  the  dis- 
sertation of  Zimmerberg  does  show  large  doses  for  frogs,  rabbits, 
and  cats,  but  it  cannot  be  urged  that  tiiose  given  to  men  were  un- 
duly large. 

On  the  whole  it  seems  to  us  that  in  some  of  his  conclu- 
sions, Zimmerberg  lias  the  weight  of  later  evidence  in  liis  favor. 

It  will  not  prove  expedient  zo    quote  the  experiments  of 
Parkes  and  Wollowicz  upon  man;  here,  to  any  extent,  they  show  the 
accelerating  effect  upon  tiie  heart  beat  by  sphygmographic  tracings, 
which  liov/ever  give  no  distinct  indication  of  increased  arterial 
pressure. 

Tliese  results  are  similar  to  those  of  Dr.  Edward  Smith. 
(On  the  action  of  foods  on  the  respiration  during  the  primary  pro- 
cesses of  digestion.    Pliil .  Trans.  Vol.  149,  p.  731).    The  ex- 
periments of  Parkes  and  Wollowicz  were  not  carried  out  with  pure 
alcohol  but  with  brandy,  and  the  results  of  botli  of  these  observers 
together  with  those  of  Dr.  Ldward  Smith,  have  been  superseded  by 
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the  more  accurate  experinients  of  Prof.  H.  N.  Martin  and  L.  T.  Ste- 
vens B.  A.  of  this  University  published  in  a  previous  number  of 
this  Journal.    It  is  not  intended  to  recapitulate  the  investiga- 
tions of  Prof.  K.  N.  Martin  here,  they  have  become  too  well  known 
since  their  publication  £ind  tlie  present  series  of  experiments  are 
a  continuation  or  rather  an  outgrowth  from  them. 

We  come  now  to  speak  of  a  series  of  experiments  by  Syd- 
ney Ringer  M.D.  and  Harrington  Sainsbury  M.D.  published  in  Vol.  30, 
1883,  p.  3:59  of  the  London  Practitioner.    (Observations  on  the 
Relative  Effects  of  certain  Members  of  the  Ethylic  Alcohol  Ser- 
ies on  tlie  Ventricle  of  the  Prog's  heart.) 

"The  object  of  these  experiments  was  to  determine  the 
relative  physiological  activity  of  certain  members  of  the  above 
series.    The  dose  of  any  particular  alcohol  requisite  to  abolish 
tlie  function  of  the  frogs  ventricle,  gave  the  measure  of  the  ac- 
tivity of  this  alcohol.   The  following  alcohols  were  taken:  methy- 
lic,  ethylic,  propylic,  butylic,  amylic — the  normal  alcohols  of 
tlie  first  three  were  selected;  of  the  last  two  tlie  isomerics  were 
taken,  viz:  iso  and  pseudo  -  butyl  alcoliol  and  iso  amyl  alcohol. 
In  addition  to  these,  isopropylic  alcohol  vms  experimented  with. 
The  first  three  members  alone  of  the  series,  are  consequently  more 
strictly  comparable  if  the  object  in  view  be  the  relation  between 
molecular  constitution  and  pliysiological  cictivity.    But  from  a 
practical  point  of  view  the  whole  series  must  be  brought  in,  for 
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of  the  above,  p^opylic,  butylic  and  amylic  alcoliols,  constitute 
for  the  most  part  the  fusel  oil  v^hich  containinates  beer,  wine  and 
spirits. 

"The  experiments  of  Ringer  and  Sainsbury  were  made  v;ith 
a  Roy  tonometer;  the  circulating  fluid  consisted  of  a  solution  of 
dessicated  bullocks  blood  in  water  of  about  the  concentration  of 
normal  blood;  this  was  further  diluted  v/ith  two  and  a  half  times 
its  volume  of  saline,  0.6  per  cent.    The  ligature  was  applied  as 
nearly  as  possible  in  the  auriculo-ventricular  groove.   The  heart 
thus  fed  with  the  blood  mixture  as  a  rule  began  soon  to  beat  spon- 
taneously.   At  definite  intervals  of  time  tiie  drug  v/as  nor/  added 
to  the  wiiole  mass  of  the  circulating  fluid.    The  dosage  was  main- 
tained uniform  and  v/as  such  as  previous  experiment  had  shown  to 
be  sufficient  to  arrest  the  heart  viithin  an  hour  approximiately. 
Tlie  restriction  of  time  v/as  for  the  ;.urpose  of  eliminating  the 
error  due  to  the  natural  process  of  dying. 

The  functions  of  the  ventricle  were  in  each  ease  complete 
ly  abolished  by  the  end  of  the  experiment,  so  tliat  the  ventricle 
neither  beat  spontaneously  nor  responded  to  electric  excitation. 
Tl:is  is  all  tliat  Ringer  and  Sainsbury  state  of  their  method,  the 
account  is  not  as  explicit  and  accurate  as  might  be  desired.   Tliey 
state  that  all  of  tlie  alcohols  examined  arrested  the  heart  in  dia- ■ 
stole.    Tiie  following  quantities  (in  Minims)  of  tlie  various  alco- 


hols   were   required   to    accomplish    this    effect: 

Methyl  Ethyl  Propyl  Butyl  Amyl 

CH    0  a  H,  0  G.H    0  C^H,  0  C   H    0 

205.5  114  59.3  17  6,6 

The  same  quantities  exi-ressed  in  cubic  centimetres  would 
appear  as  followsl 

Methyl        Ethyl        Propyl         Butyl         Amyl 
12.1C.C.     6.73  G.c.      3.5C.C.         Ic.c.         0.4  c.c 
Attention  is  called  to  the  rapidly  ascending  ratio  of 
activity,  as  we  pass  from  the  lower  and  simpler  alcohol  to  the  high- 
er and  more  complex  members  of  the  series,  lience  the  first  propo- 
sition is:  that  activity  increases  with  the  complexity. 

Secondly,  our  attention  is  calJ.  ed  to  the  fact  that  the 
numbers  of  the  first  three  members  stand  to  each  other  very  nearly 
in  geometric  progression.    Tlie  ethylic  number  is  half  tlie  methylic 
the  propyl ic  half  the  ethylic.    Tlie  butylic  and  amylic  numbers  do 
not  fit  in  the  series  it  is  true,  they  do  not  however  show  any  fali- 
ing  off  in  activity,  but  ratlier  an  increase.    Continuing  Ringer 
and  Samsbury  explain  their  physiological  results,  by  stating  that 
a  difference  of  CH,  vrhich  is  that  by  which  each  molecule  in  the 
series  differs  from  its  preceding  and  succeeding  terms,  is  capable 
of  lialving  or  doubling,  as  the  case  may  be,  the  activity  of  the 
molecule,  each  CH„  group  may  'oe    said  in  a  way  to  have  its  physio- 
logical equivalent;  the  proposition  deduced  in  short  is,  that  as 
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long  as    the   arrangement    of    the   units    are  similar,    as    long  as    the 
lines    of   the    structure    i^'omain    the    same,    the    addition    or   subtrac- 
tion   of    each  unit    will   carry   v/ith    it    a   definite    and   constant    dif- 
ference.       A   certain   Mr.    Perkin    is    said   to  have   demonstrated  as 
mucli  for    certain    of  the    alcohol        series,    iiaving   shown    that    under 
certain  definite   conditions   the    addition   of    each  C   H^^ corresponds 
to  a  definite    quantitative   difference    in    the    degree   of  polarisa- 
tion  of  light   v;hich   the    particular   alcohol    is    capable    of   effecting. 
Three   main    conclusions    are   finally   arrived   at,    viz: 

I.  The    qualitative   similarity    of    action    of   the   differ- 
ent   members    of   t]ie    alcoholic    series. 

II.  Tlie    general    quantitative   relationship,    viz:    that    as 
t'le    complexity   of    the   molecule    increases    the   pliys iological    activity 
increases  . 

III.  The   probability   of    a  further   quantitative   relation- 
ship,   viz:    that    the    constant    chemical   difference    is    corresponded 

to  by   a  constant   physiological   difference,    that    each  C   H^   group    in- 
creases   the    activity    by   a   definite    amount. 

Tlie    Y/ork   of   Ringer    and    Sainsbury   gives   no    evidence    of 
any   primary    stimulation    or    increased   froqiience    or  force    of    the 
heart's   contractions    — on  v/iiich   point   Dogiel   attempted   to    confirm 
clinical    experience,    the    resiilts    of    the    authors   above,    rather   con- 
firm  tliose    of    Prof.    Martin,    that    the    effect   described    is    not    the 
result    of   direct    action  on   the    cardiac    tissues. 
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Tlio    objections    that    can    l")e   iirr-ed    a.^a  inst    the    ^7ork   of    Rin- 
f"or    -^ncl    Sainsbnry   as    reported    in    the      Pract  iti  onei-   for   1883    are 
first,    lack    of    clearness    ir;    th'e    statenei-^t    of   the    method,    secondly, 
employment    of  nnusi^ally   stron,^   solutions    of    tlioalcohols   for    frop;s. 
It    is    difficult    to   understand  how    the    results    stated    in    tliis    paper 
v.'ore    ever   obtained    aftei'    such   stronf^  doses  of    alcohols.         In    the    ac- 
count   of    the    method    the    exact    account    of    ti;e    cij'culat  inf:   fluid    is 
not    stated    and   V:'e   would    not    know  hov;    sti'onp-   a  pereentaf^e    the    ci'~- 
culatin.r  blood   contained    of    alcohol,    if   v;e   v;ero   not    told    (p. 343) 
tliat    dilutinr   the    poisoned    circulation    witli    its    own    bulk    (lOO   c.c.) 
of    saline    0,6%  caused    quick   recovery.         ?Iere   v/e   lear-n    thiat    the 
qr'^antity   of    the    solution    of    blood   first   used    in    each  experiment 
was      100   c«c. 

Th.e    fac^.    t]iat    diliTtion   of    the    poisoned   blood   as    stated 
above    caused    q-oicker    recover:^,    seems    to    shov/   that    it    is   not    the    en- 
tire   quantity   of    alcohol   vrhich   flov/s    through   the   heart    in    the    '.vhole 
experiment   v;hich    ouf^ht    to   be    taken    into    accou.nt,    so   rai:!ch   as    the 
percentare    strenf^'th   i.vh.ich   floivs    th'^ough  heart    at    any    one    time.    As 
the    quantity   of    the    circiilat  inf^   fluid   was    100   c.c    v/e   may    arrive 
at    the    averaf^e    pereentare    strength   of    the    solutions    of    Ringer   and 
Sainsbury  by  detenriining  v/hat   per   cent   the    various    a/iiounts    of   the 
different    alcohols   whicii    they   foLind   necessary    to    arrest    the   heart, 
are   of    the   whole   solution    (100   cc).         Tlius    v/e    find    that    solu- 


tions    of    the   follcv.'ing   strcnrrth  v/oro   i^secl: 

Methyl  Ethyl  Projiyl  Paityl  Amyl 

12.1.^  3.73^  3.5^'  l.fo  .A% 

Solutions    as    strong   as   these   used    upon    isolated    dop-'s 
hearts    would    cause    instantaneous    death.  Calculatin^r   the    v/eight 

of    the    niTmber    of   c.c.    of    various    alcohols   used    by   Ringer   and    Sains- 
bury    in   grar.s    (f'-om  the    specific    gravity    tabl  ^-s    of   Landolt    k  Eorn- 
stein)    tlie    follov/ing  nujnber    of    grams    are    found    to    have   been    employ- 
ed   in    each   case. 

Methyl    alcohol  9.6316      Grams. 

Ethyl  "  5.3413  " 

Propyl     "         2.8693     " 

Butyl      "  .8242     " 

Amyl  "  .4148  " 

To   show   the    exceedingly   large    doses   iTsed   by  Ringer   and   Sains- 
bi^-y    ive    suffix  for    sake    of   comparison   th.e    ta.ble    of   Dujardin.   Beau- 
met  z    and   Au  d  i  g  e : 

subcutaneous  subcut.with        By    stomach  -vvith 

(pure)  Glycerine  Glycerine 


Alcohols  fatal    dose  death  fatal  death  fatal        death 

grams.  in   hrs .      dose  in  dose  in 

in  hours    in  hours 

grams.  grams. 

Metliyl    C    H    0         6-8.9  39-48  7.2  24      5.5-6.5         12-15 

Propyl    C    H    0         4-4.5  3.0-3.6  24x36    3.0-3.4         12 

Butyl    OHO  2-2.3  6-7  1.92  25  1.76 

Amyl      C    H   0  1.8-2.3  2-7      1.3-1.63  1.4-1.55      3-10 


Methyl    alcohol    aceordin^j   to    Dnja->"clin   Eoaiimotz   and   Audigc 
is    stronger-   than   Ethyl   5    rrarns    of   pure    C   K  ,   0   and    7   ^-rajns    of    di- 
luted   C   H^    0   beinr^   sufficient    to   produce    death    in    24  hours    in    a 
dog  v;-eighinn   one   kilor;^ain.      By    c  cmpar  ing    the    tables    of    Ringer    and 
Sainsbury  witli    tliose    of   Dujardin   Eeax:imet2    it    is    evident   that    the 
former   used    solutions    of    alcohols    on   frogs   v/hich   -'/ore    far    stronger 
than   tr.oce    required    to    hill   dogs    of   v/eight    of    one   kilogram    in    24 
hours  . 

It   iniglit   be   virged    just    here    that    possibly    the    alcohols 
Iiave    a   far    less   poT/erfiU    effect    on  cold  blooded   asTirnals  than   on 
warm  blooded   ones,    v/liich  perhaps  might   explain  the   discrepancy. 
To   determine    th.is    v/e    injected    solutions    of   various    alcohols    of    the 
strength   used   by   Ringer    and   Sainsbury    into  the    jiigular   veins    of 
frogs   and  foujid    that   vrithout    exception  tlie    heart   had    ceased  beat- 
ing   in    periods    of    timiO    varying   fi'om  5    -    15  minutes. 

This    observation   had   been   made    long  before    on   frogs    r/ith 
Amyl    alcohol   by   Bergeron   &  L'Hote    (Compt    rend   CXI   Ho.    7)    also   Gaz 
heb'd   de  med   N.    35   p.5'3S.      These    investigators    in    trying   to    show 
the    detrimental    effects    of   amyl    alcohol    iised    in    the   Erdmiann   Uslai' 
method    of    separation    of    Morphine.        A  narcotic    extract  made    by 
help    of   amyl    alcohol   p."ovo    that    considerable    quantities   of   water 
shaken   Y/ith   amyl   alcohol,    in   doses    of    a  few   drops   act    as    a   rapid 
and    fatal   poison   wlien    injected    subcutaneously    in    frogs    and    similar- 
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ly    on   guinea  pigs   and   rabbits    when   used   in    doses    of  a   few   cubic 
centimetres. 

It    is    probably    true   that   alcohol      acts   with   less    vigor    on 
cold   blooded   animals    than    on    the   warm   blooded,    perhai)s    that    conclu- 
sion might   be  deduced      from    the    fact    which    we   will   attempt    to    demon- 
strate  later    on,    namely,     that    the  physiological   activity    of  alco- 
hols   increases   with    the   temperature^         Nevertheless    it   seems    clear 
from   our   ovm    observations    on    frogs   and   those   of  Bergeron   &  L 'Hote 
that    the   quantity    of   the   various   alcohols    employed  by   Ringer   and 
Sainsbury   were   probably    too    strong    to   give   accurate   results^ 

In   volume   II    p.    483   of   the    "Studies    from    the   Biological 
Laboratory   of   the   Johns   Hopkins   University",    is    contained  a  very 
interesting   report    by    our   late   Dr.    J.    R.    I>uggan    on    the    "Influence 
of   alcohols    on    the   conversion   of   starch    by    Diastase". 

The  main    idea   suggested  here    is    that    the  relation    between 
chemical    constitution   and  physiological    action    of  alcohol  might    be 
'     studied   by    the   retardation   produced  by    them   in    the    conversion   of 
starch    by   diastase;    i.e.    that    the  amount    of  any   alcohol   required 
to    bring   about   a   certain    degree   of  retardation    could  be   taken   as    a 
measure   of   its   physiological    strength.         Duggan   also  made   seme    ex- 
periments   on    the   amount    required   of   each   of   the    first    three  primary 
alcohols    of   the    ethylic    series,    to  prevent    for   a      given    time    the 
development   of  bacteria   in    a   standard   solution    of   beef  peptones. 
Til  e  activity   he   found   increased  with    the  addition    of   each    C  H^ 
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group,  v/ith  the  excejition  of  Ethylic  alcohol,  which  was  fVrand  to 
cause  a  break  in  the  series,  being  less  strong  than  methylic.   Dr. 
Duggan  suggested  that  there  might  be  in  all  alcohols  a  chiomical 
property  to  which  their  action  was  due,  which  might  be  termed  "Al- 
coholicity",  just  as  with  acids  we  usually  have  "acidity"  with 
bases "alkalinity. "   As  this  "alcoholicity "  could  be  counteracted  by 
addition  of  small  amounts  of  acid,  he  supposed  that  this  hypotheti- 
cal property  was  allied  to  alkalinity  and  caused  us  to  undertake 
throe  experiments  on  the  isolated  dog  heart  in  which  the  alcohol 
was  neutralized  by  minute  additions  (1-2  drops)  according  to  his 
auggestions)  of  acetic  and  hydrochloric  acid;  with  a  view  of  ascer- 
taining wliether  the  effect  of  the  alcohol  v^ould  not  be  diminished 
thereby.    The  results  liowever  were  negative;  for  blood  solutions 
in  v^hich  both  alcohol  and  acid  were  present  seemed  to  be  more  harm- 
ful to  the  heart  than  that  which  contained  merely  alcohol. 

Dr.  F.    S.  Lee  in  the  ITI  volume  of  this  Journal  has 
I    shown  that  alkalies  in  the  circulation  produce  vascular  constric- 
tion in  contradistincticm  to  noutral  salts  and  particular  acids 
which  produced  dilatation. 

It  seems  certain  from  observations  of  many  that  the 
alcohols  act  as  vascular  dilators,  their  physiological  acti(;n 
therefore  is  not  analogous  to  that  of  alkalies,  nor  is  it  plausi- 
ble that  it  is  due  to  the  same  2)roperty  (viz:  alkalinity ) , 

This  leads  us  to  say  a  few  words  concerning  tlie  Cherais- 


try    of  Alcohols. 

According    to    differences    in    their  molecular   structure  as 
manifested  by    differences    in    their    conduct   upon    oxidation,    alcohols 
are  divided   into   primary,    secondary   and   tertiary.      In    studying   the 
relation    between   physiological   activity   and  chemical    constitution 
it   would   bo  necessary    that   all   alcohols   used   should   belong    to    the 
same   class* 

The   alcohols   used   in    the   scries    of   experiments    to   be 
presently    described  were   all    fermentation   alcohols,     they   were   all 
primary. 

These   alcohols   are   normal,    Methyl,    Ethyl   and  Propyl      al- 
cohol,   Isobutyl   alcohol,    and  Amyl    alcohol    of   fermentation,    which  as 
was    shov/n    by   Pasteur    consists    of   tv/o    isomeric    alcohols    which   both 
are  primary. 
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The    chemical    differences   he  two  en   tv/o    primar'y   representa- 
tives   of    tlie    same   alcoliol,     are   much   loi-s   than   between   a    secondary 
and    a   primary,    or   between   a   tertiary    and   a   primary,    or   between   a 
secondary   and   a   tertiary;    so    tliat,     as    the   iiormal    butyl    and   amyl 
alcoiiols    cannot    be    obtained   except   with   difficulty,     tiiey    are    chemi- 
cally most    nearly   represented  by    tiieir   primary    isomierics.         This 
fact    can   perliaps  be    illustrated  more    clearly   by    representing    the 
graphic    or    structural    formulae   of    the    first    five   members    of    the 
Ethylic    alcohol    series, 

I.  Methyl  ic 

II.  i-thylic 

III.  Propylic 

IV.  Butylic  H   G    C    G    (GOH) 

V.         Amylic  H    G    C    C    G    (GOH) 

H  H  H  H, (H.     ) 

?^    1    ^-    '- 

It    is    evident    that    each  formula   in   this    series   differs 
from   its   preceding   one   by   the    group   G   H^,     it    is    also    evident   tliat 
this    addition   does   not    imply   derangement    each   G   H,    thus    interpola^ 
ted    enters    into    combinations   precisely    similar,     and  nonce    it   must 
be    apparent    tliat    whatever    change    in   properties    the    addition   of    tlie 
C   H^    group,     effects    in    the    first    instance,     a   like    change  must   be 
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(GOH) 
(H^    ) 

G    (GOH) 
H^(H2.  ) 

G    G    (GOH) 
a,  H.(H.    ) 

effected  by  the  addition  of  tlic  ;;jroup  G  H^  in  the  second  instance, 
and  so  on.    One  is  dealing  here  simply  with  a  chain  of  like  ma- 
terial and  structure  but  composed  of  more  or  fewer  links.    There 
is,  liowever,  one    other  point  for  mention,  viz!  tiiat  such  a  series, 
vrfiilst  it  means  quantitative  difference  implies  qualitative  like- 
ness. 

Tlie  secondary  and  tertiary  alcoiiols  cannot  enter  into 
such  a  series  for  comparison,  for  the  additional  G  H^  interpolated 

does  not  enter  into  precisely  similar  relations,  but  comes  into 

G  OH 
relation  with  the  group      placed  in  brackets  above  and  so  modi- 
fies the  general  structure. 

Finally  tlie  isoprimary  alcohols  do  not  strictly  fit  into 

tlie  above  series;  but  the  additional  CH^^  groups  do  not  modify  the 

0  OH 
arrangement  of  tlie  group  '   which  is  the  more  important  group  of 

H  ;^ 

the   alcohol  molecule  iience   the   primary   isomerics    shov/ing  much   small- 
er  differences  may   v/ithout  mucli    stretch   be   used   for    comparison. 
fRinger  &   Sainsbury) 

Influence   o^f   Alcohol  _on  jthe   Constituents  _of   tiie   Blood. 

In    considering    the    physiological    action   of   alcohol,     the 
question  of    its    influence   on    tlie   plasma   and   corpuscles   of    tiie 
blood   arises. 

Not    all    of    the    alcohol   mixed  with    the   blood   in   circula- 
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tion  experiments,  enters  the  system  and  exerts  its  detrimental  in- 
fluence directly  as  alcohol;  it  is  probable  that  a  portion  of  it 
is  used  up  or  changed  on  coming  in  contact  viith   the  blood  constit- 
uents.   This  seems  to  be  confirmed  by  the  observations;  of  "Buch- 
heim"  (Archiv  der  Heilkunde  1805,  p.  124)  v/hich  sliow  that  if  alco- 
hol is  added  to  fresli  blood  outside  of  the  body,  it  is  so  changed 
that  even  a  short  time  afterwards  very  little  of  it  can  be  regain- 
ed.   According  to  the  same  author,  this  is  in  some  way  a  vital 
phenomenon  of  the  blood,  for  blood  whicli  has  been  carefully  kept 
from  eighteen  to  twenty  four  hours,  disposes  of  much  less  alcohol. 

That  alcohol  is  very  quickly  changed  or  '-otten  rid  of 
somehow  in  tlie  blood  was  sliown  by  Prof.  Martin  in  experiments  re- 
ported in  previous  number  of  (this  Journal "i  ''''«'  ^'C /^o->^s -pron^ 3yoP.la<-  cr^t-'-r^ ^ 

Lallemand,  Perrin  and  Duroy  reported  that  alcohol  accu- 
mulated in  the  blood,  and  more  particularly  in  the  brain  and  liv- 
er, according  to  J.  W.  Warren  (Harvard)  tlieir  figures  concerniiig 
the  amount  regained  from  the  liver,  after  administering  large 
doses  of  alcohol  are  not  convincing,  but  in  the  blood  only  Wf,   was 
found  and  in  the  brain  not  miore  tlian  1.'/,. 

Anstie  (Final  Experime>-its  etc)  gave  a  small  dog  one 
ounce  (108,9  grains)  of  brandy  daily  for  ten  days;  ti:e  ainount  ex- 
creted on  the  tenth  day  was  only  1.13  grains  of  alcohol.    On  the 
eleventli  day  the  anim.al  was  given  half  an  ounce  of  brandy,  killed 
two  hours  later,  and  immediately  cut  up  into  small  pieces  and 


every  portion  of  it  put  into  water  for  extraction. 

It  appears  tliat  only  tv/enty  four  grains  of  alcohol  v;ere 
recovered,  or  not  more  than  one  fourth  of  the  ainount  which  liad. 
been  taken  a  few  hours  before. 

It  seems  plausible  then  .tliat  when  alcohol  reaches  the 
blood  directly  or  through  tlie  alimentary  canal,  a  portion  of  it 
at  least  and  probably  the  largest  is  clianged  to  something  else, 
wliatever  this  is  v:e  are  not  able  to  tell  in  ^he  present  state  of 
our  knowledge. 

The  direct  action  of  alcoliol  on  the  blood  constituents 
lias  been  studied  by  "Schmiedeberg"  (Petersburg  Medic  Zertschrift 
1868  B  14,  S  913;  also  Virchow' s  Archiv.  Vol.  51  p.  171)    Here  we 
are  informed  that  blood  mixed  with  alcoliol  does  not  give  its  oxygen 
up  in  the  presence  of  a  reducing  agent  as  readily  as  the  same 
blood  in  a  pure  state.    As  it  is  the  role  of  haemoglobin  to  yield 
oxygen  which  lias  been  taken  up  by  the  lungs  to  oxidizable  blood 
and  tissue  constituents  in  tlie  systemic  circulation,  t,he  action  of 
alcoliol  on  blood  just  mentioned  must  be  of  great  importance  for 
processes  in  tlie  living  organism,    A  direct  chemical  influence  of 
the  alcohol,  in  addition  to  its  action  on  heart  and  nerves,  is 
therefore  very  probable  that  is  providing  alcohol  acts  on  the 
blood  inside  of  the  body  in  the  same  way  it  does  outside. 

Kerrman  (Archiv.  f.  Anat  u  Physiolog      Reiciiart  u  Du- 
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bois-Reymond  l8Go  S  ;i'7 .  )  describes  the  effect  of  the  vapor  of  al- 
cohol on  blood  thus:   Tlie  rouleaux  of  corpuscles  break  asunder, 
the  latter  become  splieroidal;  those  minute  spiieres  become  paler 
and  paler  and  finalJ.y  disappear  entirely,  v;hile  the  plasma  colors 
intensely  red  and  separates  out  crystals. 

According  to  Maroaud  (L'alcool  son  action  physiologique 
etc.-  Paris  1872,  p. 14)  alcohol  produces  a  disturbance  between  the 
endos'and  exosmatic  relation  between  the  corpuscles  and  the  serum 
whereby  tlie  nutrition  of  the  former  is  interfered  with. 

The  following  interesting  observations  were  made  by  Joil- 
let  and  Hayem  of  which  we  find  an  abstract  in  Virchov/  and  Ilirsch- 
Jahresbticher  d.  Gesanrr.t.  Medizin  1884,  p.  ;5G9 . 

In  animals  into  wliich  alcohol  iiad  rapidly  penetrated 
from  the  stomach,  these  observers  confirm  an  extensive  alteration 
of  the  red  blood  corpuscles;  scarcely  one  third  of  them  was  intact, 
the  rer-.aining  were  partly  of  the  mulberry  type,  with  yellow  pre- 
cipitates of  haemoglobin  in  their  interior.    They  were  also  part- 
ly reduced  in  size  and  deprived  of  their  haemoglobin  entirely.   On 
injecting  alcoh.ol  directly  into  tlie  blood,  clianged  and  destroyed 
corpuscles  were  found,  but  no  mulberry  forms.    On  introduction  of 
gradual  small  doses  th.e  liaemato  blasts  and  leucocytes  were  strik- 
ingly increased,  so  tof)  tlie  coagulability  of  the  blood.    Blood- 
gas  analysis  in  animals,  under  not  quite  intoxicating  doses  of  al- 


ci'hol   shov;-e;i  rcductiun    in    the    respiratory    ca]iacity    of  blood-oor- 
puscles   with    considerable    increase    of   C    0^    in    the    blood,    which    lat- 
ter   fact   Joillet   partly    brings    into    connection   with    the    oxydation 
of    tlie    alcohol. 

C.    H.    Schulz    (Wirkung    des    Branntweins    in   der    Trunksncht 
Hufeland's    Jourland   fur   pract  Hoilkunde    1J541   Ai'ril)    has    already   de- 
scribed  the    separation    of   th.c   haemoi"lobin   from    the    corpuscles    and 
the    coagulation    of   the    blood   on    addition    of   alcohol    in    1341. 

Lalletnand,    Perrin   and   Duroy    (Du  role    de    'alcool   etc. 
etc.    Pai'is    l-iuO)    have    observed   in    the    blood   of   alcoholized   animals 
larp;e    quantities    of   oil   globules    floating    on    top    after    blo'jd   was 
drawn;    these    v/ere   however   not   observable    in    the    blood   of   the    same 
animals    after    they   had  gotten    over    the    off'^cts    of    the    alcohol.      Ac- 
cording   to    Baor    (Alcoholisms)    Magnus   Huss    and   others   have    observed 
the    same    in    the   blood   from   the   heart   and   large    veins    that    died   in 
intoxication.         An    interesting   study    of   the    effects    of   alcohol    on 
febrile    animals   was   m'lde    by   Manassein.         The    cori)uscles    of    the 
blood   of   such   animals    are    very   much    diminished   in    size   by    the    ele- 
vated  temperature;    this   is   not    the    case    if   the    animals    are   given 
alcohol,    when    the    corpuscles    become    larger    the    l(;nger    the    intoxica- 
tion   lasts    and   the   more    the    temperature    is    lovyer-^d  by    the    alcohol. 
All    of   those    observations    and   experimc^nts    on    tlie    influence    of  alco 
hoi    on    the    constituents    of   the   blood   part   of  wluch   we   had   ample    op- 


22 


portunity   to    work    over   ourselves,    when  we   were   enabled   to    verify 
tlie   main   results    of   Joillet    and  Hayem,    by  microscopical    examination 
of   alcoholized  blood;    these   observations   justify   us    in   concluding 
that    in   circulation    experiments   on   tlie    isolated  jieart    with    alco- 
holized blood,     all    of    the    disturbances    observed    in    tlie    function  of 
the    orgaoi,     are   not    due    primarily   and   exclusively   to    tiie    direct    ac- 
tion  of   alcohol    on   the   iieart    tissue,     but    that    Ihe    action   of    the 
alcoliol    on   the   blood    itself   whereby    its   nutritive    and   oxygenating 
function    is    destroyed   r-liould   enter    into    consideration. 

Synopsis    of    tlie  Method. 

The  method   employed   in   this        series        of    experiments 
for    isolating   tiie   mamalian     iieart,    was    tliat    which  has   been    termed 
by    itE    originator   Prof.    K.    N.    Martin   the    "Beiltimore   MetiLod"  .         It 
is   fully   described    in   a   previous   number   of    this   journal    (Vol.    II, 
p.   213,    plate   XV).         In    tlie    proceedings    of    the   Medico-Cliirurgical 
Faculty    of   Maryland    (April   29,    1882),     the    author    of    the   metnod 
states    vhat      it   nas   been    improved  upon   by  his   pupils,     so    that   he 
could  hardly    tell    v/hat    part    of    tlie  method   v/as  his   and  what    the    de- 
vice   of    some    one    or    other   of    them.         And    so    in    this   case   a  number 
of    changes   were   made   whicli  however    are   of    secondary    importance    and 
will    not    necessitate   giving   another    description   of    the  method. 

In   a  general    way    it   may   be    said   that    tiie   method   employed 


is   given    in   a   paper    contained      in   a   previous   number   of    this   Jour- 
nal   by   Prof,    Martin   and  Lewis  P.    Stevens   B.    A.     (Tlio   Action   of    Lithyl 
alcohol    upon   the    dog's   lieart.)         A  modification  was  made    in    Uie 
arteries   that  were   connected  witli   the   outflow   tube. 

In   tliese    experiments  both    carotids   v/ere   connected  with   a 
"horse    shoe"    canula,    from  which    the    outficr.7   tube    extended   to    and 
through    tiie    top    of    the    chamber;    liere    it    ended    in   an    outflow  ori- 
fice,   which    emptied    its   blood   into    a   funnel,     from  nere    the    blood 
could   be    directed   to    any    one    of    four  large   jars  made   of   glass    and 
being    converted    into   Mariotte's   bottles,      Tlie    same    (outflov;   tube) 
was   by    inserting   a   T   glass    tube    coiinected   with    a  mercury  manometer 
which    recorded   the    pulse    on   the   paper   of   a   Kymograph.         The  height 
of    the    outflow  orifice  was    so    selected   e.s    to    give    a  mean   pressure 
of  1'60  -    150   m.m.    of  mercury  measured   by    tiie   manometer. 

The    circulating    fluid  v;as    supplied   from  four   large   glass 
jars,     tiiat   were   converted   into   Mariotte's   flasKS.      hach  flask    could 
by  means    of    stop-cocks        be        connected   at    will    'yitn   a    canula    that 
was    inserted    into   vena   cava   superior.         These    connections    as   may 
be   learned   from   the   references,     were  made   on   the    outside    of,     and 
witiiout    opening    the    chamber. 

In   tiie    canula  wliich   v:as  -tied    in   tlie    sti.Knp    of    the    super- 
ior  cava   and   only  53    inches   from   the   right    auricle  was    inserted   a 
tliermometer   wliicn    indicated   the    temperature    of    the    blood   as    it    en- 
tered the   auricle. 


Tlie  supply  bottles  stood  in  larger  jars  Tilled  \Yitii  v;arm 
?rater  and  acting  as  jackets.    The  Vcipor  of  the  hot  water  from  a 
trf)ugh  in  which  the  entire  chamber  rested,  continually  surrounded 
everything  inside,  Keeping  the  blood  constantly  at  any  desired  tem- 
perature. 

If  it  v/as  desired  to  lower  the  temperature,  the  Bunsen 
burners  beneath  th.e  trough  were  extinguished  and  a  large  opening 
in  the  top  of  the  case  uncovered.    If  a  high  tem.perature  was  de- 
sired the  opening  wat  closed  and  more  burners  lit  beneatli  the 
trough.    Thermometers  hung  up  in  various  parts  of  the  chamber 
rarely  differed  more  tlian  one  degree  C  from  tliat  in  the  vena  cava 
canula, 

Tlie  animals  used  v/ere  dogs;  an  attempt  was  made  to  get 
them  approximately  of  the  same  weight,  m  which  v/e  were  not  as  suc- 
cessful as  we  desired. 

The  circulating  nutrient  liquid  consisted  of  defibrin- 
ated  fresh  calf's  blood  and  in  some  cases  of  defibrinated  dogs 
blond.    Wo  differences  in  the  effects  of  tlie  same  alcoliol  was  ob- 
served on  using  tlie  two  kinds  of  blood.    In  tv;o  of  the  Mariotte's 
bottles  were  contained  two  litres  of  fresh  defibrinated  dogs  or 
calfs  blood  to  vrhich  nOO  cubic  centimetres  of  a  0.75  solution  of 
sodium  cliloride  in  distilled  -.vater  had  been  added.    In  the  remain- 
ing two  bottles  the  same  amount  of  blood  was  contained,  but  before 
it  v;as  mixed  with  the  sodium  chloride  solution  the  alcohol  was 
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added   to    tlie   latter    in   such    quantity   as    to   make   1-5%   of    tiie   -.vhole 
mixture.         One   fifth   of   one   per    cent,    vras    the    amount    of    alcohol 
contained   in   all    solutions,     at    all    experiments   v;-itli    exception   of 
those   with   Air^yl    alcohol,    '.There   l-5>i  was    found   after   repeated   trials 
to    be    too    strong   a    solution    to    experiment    v;i  r,h    successfully   and   so- 
lutions  of   1-10^   and  1-130;;^  •;;ere    employed,     in   addition   to    those    con- 
taining  1-5^. 

The    same    precautions   v.'cre    tahen   as    in   the    experiments   of 
Prof.  Martin         and  L.    T.    Stevens;     tiie    outflow   of    any    one   of    the 
four  Mariotte's   bottles    in   one   minute   not    varying  more    than  '6fo 
from  that    obtained   from  any    of    r,he    other    tlireo. 

Generally    tlireo   persons    book    part    in    the    ex:jeriment. 
One    attended    lo    the    v/orking   of    the   kymograph,     a    second  had    control 
of    the    turning   on   or    turning    off   of   pu:-e    or    alcoliolic    blood   and 
looking   at    the    tlicrmometers    and   recording    the    temperature,    while   a 
third   was   engagud    in    taking   measurements   of   '60    seconds    each   a.t    the 
outflov/   tube,     tlie    blood    collected   in   graduated   vessels   for  measure- 
ment,   was    at    once,     as    soon   as  noted,    poured   bcick    into    the    funnel, 
from  wliore    it    flowed    into    the   receiving   bottle.         Our    way    of    deter- 
mining   the    strength   of    any   particular   alcohol    on   the    isolated 
dog's  heart,    was   not    that    of   Ringer    and    Sainsbury,     i.e.    trying    to 
establish    the    ajr.ount    of    alcoliol    required    to    kill    the   heart;    as    the 
exact   moment    of    death   of    this    organ    is    a   point    that    ccin  hiardly   be 
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d  e  c  i  cl  G  d.  ii  p  o  n  ".v  i  t  li   ac  c  iir  ac  y . 

The   method   adopted  here   v;as   to  meas^ire    the    amoimt    of   re- 
d-uction  that    a  particular   alcoxiol   effected    in  the   nmnber   of   c.c.    pump- 
ed  ai'-ound   by  the    lieai-t    in    30   seconds. 

"Wlien   the    amount   pumped   around  by   the    heart    in    30    seconds 
was    quite   constant    in   four    or   five    consecutive  measurements,    the 
alcohol    containing  blood   was    tui-^ned    on   and   measurements    immediate- 
ly  iTndertaJ^en,    and   the    reduction  produced    in    the    amoiznt   pursped 
around    in    30    seconds,    as    indicated    in   measiiremonts ;    taken    as    a 
measure    of   the    strenf^th  of   the    alcohol.      After    the    action   of   the 
alcohol   had   been   clearly  manifested,    pure   blood   containin;"    no   alco- 
hol  \7as   turned  on,  when   recovery  from  the      effects    of   the   drug   as 
a  rule    occr.rred.        Those    experiments    in   v/liich   no   good   recovery   oc- 
curred under   pure  blood  vrere   rejected,    as   the    reduction    in   the 
Y/ork  might   have   been  due  to  causes    independent    of   the    action   of   the 
alcohol . 

RESULTS . 
Explanation   of    the    Tables. 

In   the    tables   given^not    all   the    successful   experiments 
made   are      recorded,    since    in    some  the    animals   used   were   so  much  be- 
loViT  the    othoj's    in    average   weight,    that    the    results    obtained  from 
them   could  not   be   lis  ed    in    a   comparative    study.         The    vai'iations    in 
our   i-esults    are   imdoubtedly  due    in   part    to   variations    in   age  -  and 
T/eight    of    the    dogs   I'sed.         To    show   the    effects,    the    increase    or   de- 
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crease   of    temperature   has   upon   the    action   of   the    alcohols,    there 
are    recorded   experiments    in   Ydiich  tlie    temperature   was    /■•radually 
raised   from  the    onset,    and    such    in  v/hicli    it   was    f-radually    lowered. 
Record   tables    of   five   successful   expori;nents   are    r-iven  under    each 
alcohol.         The   tables    are   easily    explained.         There    are   five    col- 
umns   used    and   heau'ed   from  left    to    rirht    thus: 

(1)    Time,     (2)   Ariount   pumped,     (3)    in   30    seconds, 
(4)    Temperature,     (5)   Kind    of    blood. 

Taking   tlie    record    of    the    experiment    with  Methyl    alcohol 
on  April   20th,    loSo,    we  make  the    following   observations: 

The    heart   was    isolated   completely   at   ;-2:i5   P.    M.       In   the 
measLirements    at    'B:1C  manu.tes,    2:20,    2:22   and   2   o'clock  24  minutes, 
the   heart   piunped   ai^ound   196   cc-   197   -   197--   and    190   cc.    in   30 
seconds   respectively.        This   was    done    on   p^ire   blood,    the    tempera- 
ture   being   3G   C.    at    the   first    three  measurements    and    sinking   to    35" 
C.    at    the    fourth.        At   2   o'clock  26  minutes    tlie    alcoholized  blood 
was    tunied   on,    and    at   2.27  minutes   a  measurement   Y/as    taken  which 
shov/ed   that    the    heart   had    only  pumped   aroimd   1S6   cub.    cent,    in   30 
seconds    at    a   temperature    of    35   C.    under    \/^%  alcoholized  blood.    As 
the    previous   measurements    under   pure   blood   ;:ave    196.    c.c.     in    the 
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same   time   and   at    the    sam.o    temperat^'lre   v/e  may   say   that    at   35  C.    a 
solution    of    \/'o%  Methyl    alcohol  will   cause    a   fall    in    tlie    amount 
p-ur.'.ped   ai-ound  by   the    isolated   dog  lieart    in   30   seconds,    f.'^om  196   c.c 
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to    ISo    c.c.    which    is    a   rodi;ction    of    10   c.c. 

As    the    alco?iolizorl   blood    continues    to  flow   throup-h    the 
heart    its   action  hoc  ones   manifest    in   snbseqr.ent   raeasurer;;onts .    Thus 
at   2   o'clock   89   minutes    the    arnoimt    pumped    around   sank    to    175   c.c. 
and    at   2:3.2  minutes    to   162  c.c 

At    2   o'clock   33  miniites.         Pure   blood  was    arain   turned 
on   and   the    alcoholic   blood   turned   off;    at    once  v.'e   noticed   the    re- 
covery  taking  place    as    shov/n    in    tr.e    increased   amount    of   the   meas- 
urements   which    at    2   o'clock   and    40  minutes   have    reached   194   c.c. 
in    30    seconds.        Hero    alcoholized   blood    is   again    turned   on    and 
pure   blood   turned   off.        At   2   o'clock   and   43  minutes    the    next   meas- 
urement  thereafter   shov;s   a  fall    in    tlie    ai^-soi.nt   pumped   around    in   30 
seconds    to   174   c.c.         By   this    time   the    temperature   lias    risen    to    37' 
C.        As    the    previoiis   measurement   under   pr;.re   blood    at    2   o'clock   and 
40  minittes   ?;as    194   c.c,    vro  may   say,    t]:at    l/5^  Metiiyl    alcoliol    in 
defibrinated  calf's  blood   causes    a  fall,    in   the   amount   pujiiped   a- 
round   by    tiie    isolated   heaj'-t    of   tlie    dog    in    30    seconds,    ft'om   194   c.c. 
to   174   c.c    or    a  reduction   of   20   c.c.    at    a   temperatm-'e    of   37  C. 

Similarly   v/e    observe    at    3    o'clock   6  m.inutes    a  reduction 
from   170.5    to    138   c.c    or   diminiition    in    am.oujit   pumped   around   at    39° 
C.    of    3S   c.c 

Finally   at    3    o'clock    aiid    20  miniites   we    observe    a   reduc- 
tion   in   amoimt   pumped   around    in    30   seconds   iinder   alcoholized   blood 
of   50   c.c.    at    42°.        By  putting  the    observations    thus   far  m.ade   to- 
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gather   xre    obtain    the   followinf;    table:         l/5X  solution   of   Methyl    al- 
cohol   in   def ibrinated    calf's   blood   causes    the    follov/ing  reductions 
(dirr;ir.uti  on    in    v/ork )    of  tlie    amount    piunpod   around   by    an    isolated 
dog   heart    in    30   seconds. 

At    35°G.    a   fall   from   196   c.c.    to   186   cc.    or   reduction    of    10   cc 
"    o7"C.  "  "         194      "         "      174  "  "  "  20      " 

"    39' C.  "  "         170       "         "       138  "  "  "  32      " 

"    42 °C.  "  "         142      "         "         92  "  "  "  50      " 

Not/  by   adding   the    reductions    of   the   r.easurements    at    35° 
37*^   and    39°  v/e   get    62,    dividing   this   by   3    gives   us    the    average    re- 
duction Y/hich   is  20.7  c.c    and    as    the   mean   temperature    of  the 
first       three    of   the    above   measurornonts    was    37"'C. 

We  may  sura  up  by  saying  that,  The  average  reduction  ef- 
fected by  1/5^  Methyl  alcohol,  in  the  amount  pumped  around  by  the 
isolated  dog  heart  in  30  seconds  is  20.7  c.c.  at  37  C.  as  evinced 
from   this    experiment. 

In   a   similar   manner    the    average    reduction    in    the    work 
done    by    the    heart    \mder    the    various   alcohols   vras    determined,    name- 
ly:    (a)   noting   the    m.imber    of    cub.    cent,    pi^mped   aroimd   just    before 
the    alcoholized   blood   v/as    turned   on;     (b)    noting   the    diminution    in 
the    number   of   c.c.    immediately   after    the   blood    containing  the    alco- 
hol   is    turned   on;     (c)    noting   t-he    temperature   with   each  measurement. 
This    gave   t}:ie    reduction   effected  by   the    alcohol    at   the    various   tem- 


poratures  • 

Wi»h    Methyl    Alcohol    four    oxporimnn  ts    wore  made    in    .vhl  ch 
the    tomperatin^e    was    f^raci'ial  ly    increased    from    the    ber^inninj^    and    one 
experiment    in    ^vhich    the    temp '^r:iture    was    r^ridually    reduced    from    the 
onset.         ''^he    same   was    the   case   with    all    of   the   remaining   alcohols. 
In    do tovnoininfT    the  r;enor^.l    averan;e    red;jGtion    ex])ressed   in    cub.    cent 
which   any    particular   alcohol    would    effect    in    the   work    dc^ne   by    the 
heart,    only    those    four    experiments   were  made   use   of   in    which    the 
tomp^raturp   was    ;n'adually    raised   from    the   onset,    and   that    one 
in   which    '■.he    tan])  erature   was   r;radually    reduced    from    the   bcfrinnin.'r 
of    the   experiment   was    excluded.         Since   it    was    thoup;ht  moi-e   correct 
to    determine    the  r^eneral    average   reduction    (the   reduction   drawn 
from   all    the    experim(?nts    with    the   s:ame   alcohol)    only    from    experi- 
ments   in    which   all    conditions    were   alike. 

'Hie    temj^ierature    (averar^e)    at    which    the   (3 -si  eral    average 
reduction    was    in    all    cases    calculated   was    57"    0    for   reasons    to   be 
given    later.         '^he  weif^hts    of   the   dogs    experimentf^d   with    and    the 
corresponded  average   reduction    whiciT    the   alcohcjl    nrc>duced   in    the 
work    done   by    the  heart,    are   niven    in    a   separate    table 

In    four    experiments     vi  th   Methyl   Alc(>hol    the   reductions 
were 

April    20th,    l-^8tJ  20.7      r^.C. 

"      21st,        "  19.n85       " 

"      27th,        »    ir.  I       18.585       " 

"  "  "    ir.  IT    19.  " 


By   adding    these    four    fi^^ares   and   dividinf^    the   sum   by    4 
one  naturally   obtains    the  moan    or   r:oneral   average   of  the   reductions 
observed    in    all    the    exper  in-ion  ts    under  Methyl   Alcohol    which    is 

19.4'J  ^.n. 

TTie   avera.";e   v/eip;ht   of   the   animals  used    in    these    four    ex- 
periments,   as   may   bo   soon    in    the    table   was    15793   (^rams. 

The    temperature   at   which    the   averar^e   is    calculated   is 
.67'    C. 

So    one  may   now   derive    the    follow   conclusion. 

1/5%  Methyl   Alcohol    in    defibrinatnd   blood   will    at    67^    n. 
pu'-^.ped 
reduce    the  amount^ around   by    the   isolated  heart   of  a   dog   weighing 

15795   n-rams--in    bO   sec('nds--by    19. 4d    cub.    cent. 

In    the   same  manner    the     phy3iolop;ical    effect    of    the   re- 
maining:  alcohols    was   determined.         Th  ^^   folloiYing    fif^ures    express 
the  rt^^ieral    avorarre   reductions    of   the   first    four   alcohols. 

Methyl  G  H^    0  19.46      C.C. 

Ethyl  C^-  II  ,    0  17.45         " 

Prophyl      C^    H,    0  79.705      " 

Butyl  Cll      0         161.121       « 

',-  JO 

T.'hen    wo   f^et    to    Anyl   Alcsohol    we  meet    with    difficulties. 
This  nfjnber   of   the  series   proved   too    powerful    to    bo  used      success- 
fully   in    the   same   strength   as    the  iireceoding  members  namely   l/n^. 
Tt   was    found   after   repeated    trials    that   solutions    of  Amyl   Alcohol 
of    this    strength    (l/5%)    might    be  used,    if    the    time   in    ■■vhich    the 
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measuromonts   wore    taken    was    shortened    to    1;)    seconds,    (this      };eriud 
havin,!^    been    .60   seconds    in    all    other    experiments),     thus    considerably 
abbreviatirijT    th.e    time   in    v/hich   the   heart   was    exposed   to    the  poison- 
ous   influence   of    the   druf;.         Tn    two    experiments    with    l/5%   of  Araylox?/ 
hydrate   in    defibrimted    calf's    blood   in   which  measurements    were 
taken    of   only    15   seconds    duration    (flay   t'.8th    and   June   1st,    1  ;JiJ) 
"Hie   general   avorage   reduction   was    found   to    be   161. lU    D.r!.    at    67'^ 
(in    15   sec . ) 

In    four    experiments    with   Amyl    Alcohol,    however    in    which 
silutions    of   l/lO^  were    emp3.oyed  and  measurements    taken    in    50    sec- 
onds   the  ;"  on  oral   avera^^c   reduction   was    161.50:5   C.C.    which    is    strik- 
ingly  near    the    fir-ure   given    above.         So  much    so,     that   one  might    be- 
lieve,    the   same    effect    could    be   obtained,    if  one  would  double    the 
strength    of  his    solutions,    but  half   the   time   of    exposure,    or  half 
the  strength    of   the  solutions   and   double    the    time   of   exposure.       -t'or 
in    the    experiments    given   l/5>S  Amyl    Alcohol    caused   the   same   reduc- 
tion  in    15   seconds,    that    l/lO)?  produced   in    oO    seconds.      TiH^ether 
such    a   relation    as    represented  really    exists    we   are  not   able   as    yet 
to    say.         More    experiments    on    this   point    especially,    are  necessary. 

One    experiment    was   undertaken    with    only   l/20/?   solution 
of  Amyl   Alcohol.         "ere   the   reduction    observed   in   measurements   of 
50   seconds    was   81.55    C.O.         This    is    just   onn  half    (or   very    nearly 
so)    the   reduction    effected   by    l/l0%   solutions   of   this    alcohol    in 
50    seconds,    or   one  half   the   reduction   which   l/6%  Amyl   Alcohol 


caused  t^-- e  15  second  measurR-npnts.  So  far  we  have  the  followinf^ 
average  reductions  observed  under  Amyl  Alcohol,  with  solutions  of 
varying   strengths. 

Amyl   Alcohol  Redaction    in  measuroments  • 

Solutions    of  '  of   15    seconds. 

1/5^  ltJl.l6    G.C. 

measur events  of  50  seconds- 
1/10^  161.508    C.C. 

measurenients  of  50  seconds. 
1/20/^6  81.55 

What    *he    effect   of  a   l/s^  solution    of  Amyl   Alcohol   would 
be   sho'An    to    be   in   measurements    of   50   seconds,    we   cannot   defini  tely 
give,     except    by    speculation.         It   would   be   as   one  might    surmise 
from   above    table   about    twice    the  reduction   of  l/5/2   in   15   seconds, 
or   about    twice   th --^   reduction   of   l/lO^   in    oO    second  measurements,    or 
about    525.    CO.    reduction   in    the  amount   pumped   around  by    the  heart 
in    60    seconds. 

T'his    conjecture   explains   in    a   theoretical   way,    why  we 
have  not    succeedod   in   keeping   l/5)^  solutions  of  Amyl   Alcohol    flow- 
ing   through    the  heart    for   50    seconds.         Because   as    we   conjecture 
that   would   produce   a   reduction   in    the  amount   pumped   around  by   the 
heart   of   525.    CO. 

I^'one   of    the   '^  earts    that   wore   isolated   by   us,    however, 
pumped  around   such   an    amount   of   blood   in    50    seconds,    and  'nonce    the' 
effect    of   1/5;^  Amyl   Alcohol    in    50    seconds   measurements    could   not 
be   shovn. 
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The  Physiolof'iical    effects   of   the   various   alcohols   accord- 
ing   to   our    cxperirrnts  may    be    therefore    oxpress"d   by    t^T  e  rednctions 
they   produce   in    the   .vork    of    tl:  e  isolated  mammalian  heart,     thus 
Methyl  C  11^    0  19.46      CO. 

Ethyl  C^    H,    0  17.45         " 

Prop^yl      n.    H      0  79.705      " 

Butyl  0^  ir,   0         161.121       " 

Amyl  ^^-^V  °        ^^'^'  "         ^^^    explained  above) 

In    the   aforef^oing    table   it    is    convenient    to   state    the 
power   of  Amyl   Alcohol    to    reduce    the  work   of   the   heart    by    52;'),    as    we 
have   determined   before,    rather    than    the   reduction   of   161.508   G.G. 
which   is    the  amount   of  reduction    it   was    shown    to    produce   in   10^  so- 
lutions   as   determined   by    60    second  measurer  ents .         For   by    this 
means   v/e  m.ay   m.ake    clearer    the   follov'ing    conclusions. 

I.  That    the   physiological    activity   increases    with    the   com- 
plexity  of   the  molecule   v/i  th    exception    of   the   second  member   viz: 
Ethyl   alcohol   whicl;    is    weaker    than   Methyl   Alcohol. 

We  have   been    in   possession    of   these   figures    for   a   consid- 
erable   time,    before   another   definite   relation   was    found   to    exist 
among    them.         It   vr  s  not   so    evident    before   we   were   able    in    some 
v,'ay  to   establish   tlie  pliysiological    strength   of  Air.yl   Alcohol.      The 
relation  between  the   figures  we   refer  to   is   this* 

That   v;-ith   exception  of  Ethyl   alcohol   the   figures   approach 
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a  geometric  progression.    Excluding  ethyl  alcohol  wliich  is  weaker 

tlian  Methyl  we  have  the  following  figures: 

CH^O  C^H^,  0  GjK^O  C^H,,0  G-H„0 

19.46  79.705  1-. 1.121  323". 

Judging    from   this,     the    strength   of    Propyl    alcohol    C^  H    0    is    very 

nearly   four   times  that   of  methyl.        Butyl    alcohol   C_H   0   is    twice 

as   powerful    as  Propyl    and   Amyl    alcohol    twice   as    strong   as   Butyl 

alcohol.         Putting    the   results    in   another   way   we   might    say   that 

Amyl    alcohol    is   16    times   as   poisonous   as   Methyl. 

Butyl        "  "8  »      " 

Propyl        «  w  4  u        n  n  «  If 

Ethyl         "  "         less   poisonous    than  " 

Let   us    assume    tliat    the   figure   for  Methyl    alcohol    liad 

been  20    instead  of  19.46    then   the   remaining   alcohols  would  rank   as 

follows:      Methyl  Ethyl  Propyl  Butyl  Amyl 

GH^O  C^^.O  C.?HjO  C^H,,0  C^H,„0 

20  17.4r5  80.  160.  320. 

II,  Ajiother  principal  conclusion  which  is  easily  ar- 
rived at  on  examining  the  Suminary  given  at  the  end  of  each  table, 
on  each  experinient,  is  that  tlie  physiological  activity  increases 
as   the   temperature    increases. 

In   the    experiment   v/ith  1-5;;'  Methyl    alcohol    on   April   20th 

we  may   observe    this    fact    in   the    summary. 

temp. 
At  35  °C   a  reduction  of  10   c.c. 
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t  emp . 
At  37° C  a  reduction  of  20  c.c. 

"39'   "       "     "   32  c.c. 

"   42'   "       "     "   5  0  c.c. 

The  same  fact  can  be  demonstrated  in  eacli  table.    In 

sucli  experiments  in  v;hich.  the  temperaoure  was  gradually  lov;ered 

from  the  onset  (as  in  the  following  v/ith  Methyl  ale.  on  April  23rd 

with  Lthyl  ale.  on  May  2nd;  with  Aiiyl  alcohol  on  June  4th,  '86)  it 

can  be  demonstrated  that  the  physiological  activity  decreases  as 

the  temiperature  decreases.     Thus  in  the  experimient  with  Methyl 

alcohol  on  April  23rd  '86  we  have  the  following  results. 

At  40°reduction  of  31.  c.c. 

"   39^"     "      "   26.   " 

"   38^     "      "   24.5  " 

"   37'     "      "   20.5  » 

"   36      "      "   17.5  " 

III,    A  third  main  conclusion  tiiat  can  be  derived  from 
our  results,  is  that  the  hearts  of  heavy  animals  are  less  affected 
by  the  various  alcohols  than  those  of  lighter  animals.    Thus,  in 
the  following  tables  the  weights  of  the  different  anim.als  used  are 
given,  togetlier  with  the  amount  of  reduction  any  particular  alco- 
hol was  capable  of  producing  in  the  iium.ber  of  cub.  cent,  pumped 
around  by  the  isolated  hearts  of  those  anim.als. 
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Weight    of    the   Animals   used,    and.   corresponding    reductions 
in   tlie    ainount   pumped   arouiid  by    the    isolated  hearts   of    these    ani- 
mals   in   '60    seconds    at    a    temperature   of   '67^    C. 

I.  Methyl    alcohol 

Weight   of   Dogs  Reductions 

Experiment    April   130    '86 -=15000   Grams  20.7         c.c. 

••  "         yi       "     -  159813         "  19,583       » 

"  "         ^^7       '•     ^   1677  0         »  18.583       " 

"  «  n  n      ^164130         "  19.  " 

Avera-ge   v/eight  15793         "         Average   reduction  19.46    c.c. 

II.  Etliyl    alcohol 

Weiglit   of   dogs  Reductions 

Experiment   May  4,     '86    =     146  05   Grams  20.16    c.c. 

"  »      0,        »       -     15480         "  15.83       " 

"  »       7,        "       ^      15005         "  15.5         " 

"  »    10,        "       *      14  090         "  18.53       " 

Average   weight  14795        "         Average   Reduction  17.45    c.c. 

III.         Propyl    alcohol 

Weight   of   Dogs  Reductions 

May   18th,     '86      No.    I         16  510    Grams  7',..         c.c. 

»          "               "          "       II.       15095         «  8  0.83       " 

»      20th,       "         "         I         15165         "  78.83      " 
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May  aOth,     'SG    No.    II         17430    Grams  78.83    c.c. 

Average  v.-eight   10050      "        Average  Reduction  79.705   c.c 

IV.         Isobutyl    Alcohol 

Weights   of      dogs  Reductions 

May  24th,    18SG    Mo.    I        174  06    Grams  161. Gtj      c.c. 

"          "               .1          H       II         17450         "  160.66         " 

"   25th    "            15925    "  162.166   " 

"   26th    "            17500    "  16  0.      " 


Average   Weight  14  57  0        "  Average   Reduction  161.121    c.c. 

V.         Amyl    Alcohol 

One   twentieth  per   cent.   1-20^ 
June  2nd,     '86    Weight  Reduction   in  3  0   sec. 

19416    Grams  81.33    c.c. 

One   tenth  per  cent.    1-10;^ 
Weigiit    of   dogs 

Experiment   June   3rd,     '86    Mo.  I        164  50   Grams  163.366      " 

"  "  "  "       "       II         17000         »  163.83         " 

"  4  th,       "  17235         "  159.83         " 

"  May  28  th        "  18  015         "  159.  " 

Average   vreight  17175        "      Average   Reduct  .161 .508   c.e 
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Anryl    Alcol^ol    l-5}i 

Weight   of    dogs  Reduction   in  15    sec. 

Experiment   Hay  28th,     '86        17600  Grams                                161.66    c.c. 

"              June   Ist,       "            18113  "                                          160.66       " 

Average  v;eight                   IVSSfj  "        Average   Reduct.    161.16    c.c. 

For   reasons   given   elsewhere  15^  Amyl    alcohol    could  not 
be   turned   on   for  30   seconds  without    killing   tlie  heart.        In   two 
experiments    in  which   tlie   alcohol   was  used   in      solutioiis   of   this 
strength,    the   observations  were    taken   in   periods   of   15    seconds. 
It    is    seen  that   there   exists   a  definite   relation  betvreen   the  v/eigh^ 
of    the   animals  used   and   the   reduction   effected  by   a   certain  per- 
centage  of    the   alcohol.         Although   the    attempt   was  made    to    obtain 
dogs   of   approximately   the    same  weight,    tiiere   are    slight   deviations. 
Upon   examining   the   tables  presented,    closer,     it    is   apparent   that 
under   any  given  alcohol,    the   reduction   effected   in   the   amount   pump- 
ed  around   is    greatest   with    the    dogs    of   least   weiglit    and      vice   ver- 
sa.       Prom  this  we  may   conclude   that   heavier   dogs   are  less   affect- 
ed by   the    alcohol    than  lighter    ones. 

In   tlie    experiments    on   Amyl    alcohol    a   definite   relation 
becomes   evident,    between   the   effects   of    solutions   of    different 
strengths   and    also   betv/een   the    strength   of    an   alcoliolic    solution 
and   the    time    in  which    it    is   allowed   to    act. 

For    instance,     as    it    is    stated    in   tlie    table,    l-5;)i;  solu- 
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tions   of    Amyl    alcohol    will    produce,     tlT.e    same    effect    in   reducing 
the   heart's   work,     in   15    seconds,    vriiich  1-I0;i   of    the    same    alcohol 
does    in  3  0    seconds.        Furthermore    a    solution   of    only   1-30;^   of    Amyl 
alcohol   will    only    effect    a   reduction   of    approximately    one   half 
that    of   a   1-10;;    solution.         The   number    of    experiments    that   wc-e 
undertaken  with   Amyl    alcohol    in  which   variations    occurred    in   the 
strengths    of    the    solutions,     and    in   the   periods    of    time    in  v/hich 
the   latter   were   allowed   to    flow   tiirough    the   iicart,-    is   not    suffi- 
cient  to   permit    us     to   judge   definitely  of    the    effect    of    these 
changes.         We    can   tlierefore   not    as    yet      conclude   whether,    reducing 
tlio   time   of    exposure   one   Jialf,    v:ill   half      tiie    effect   p'-oduced,    or 
whether    doubling    the    st-'-ength   of    a    solution  will    exactly   double   the 
effect.         It    is   not    improbable    tliat    some    such   relation   exists, 
wliicli  however  would  only   become    evident,    if    one   could  perfectly 
control    al].    the   conditions   that    influence   these    experiments,    such 
as  vreiglit    and   age   of   dogs,    quality   of   tne   blood  used,    temperature 
and   time   of    exposure   etc.,    etc. 

This    is    perhaps    the   best   place    to    speak   of    the   difficul- 
ties  connected  with    the   attempt    to    determine   the   effect   or  power 
of    Amyl    alcohol    in   reducing    the   work    of    tne    isolated  heart.         With 
all    alcohols    except    Amyl    the    stre}:igth   of    the    solutions   used  was 
l-5;ri   and    the   period   of    time    in   which  measurements   v/ere    taken  was 
30    seconds. 

In   case    of    Amyl    alcohol   iiowever    it   was    found   that    a    solu- 
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■tion   of   1-5;','   could,  not   be    turned   on   and   allowed   to   flow    tiirough 
the   heart    for   '60    seconds  witliout    causing    its    speedy   death.         To 
arrive   at    a   conclusion   concerning    the    effect    of    Amyl    alcohol,     that 
might   be    available    in   a    comparative    series   with    the   preceding      al- 
cohols,   two    things    suggested  themselves,     (1)    either    the   time    in 
which    the    solution   of  l-of»   Amyl    alcohol    was    turned   on   tiirough    the 
heart,    had    to    be    reduced,     or    (2)    the    stroiigth   of    the    solution    it- 
self.        Bo  til   of    these  methods  v^ere    tried   v;ith   results    afore    stated. 

It    appears    from   tiiese    results    tiiat    in   four    experiments 
in  which    solutions   of   1-10;;^   Amyl    alcohol,    were    allowed   to   flow 
tlirougli   tlie    isolated  lieart,     tiie   civerage   reduction  effected   in   the 
number    of    cubic    centimetres   pumped   around    in  '60    seconds   was 
161.508    G.G.    at    a   temperature   of   37®    G.         The   average   weight    of 
the   dogs   being  17175     grams. 

In   two    experinients,     tnat   were    conducted  v;ith    solutions 
containing   1-5;^   of   Amyl    alcoliol,     the    average   reduction   effected    in 
the   work    done    by   the   heart,     determined    in  measure:r,ents   of   15    sec- 
onds   duration,    was   l'Jl.16    c.c.    at   37^0.         The    average   weigtit    of    the 
dogs   being   17856    Grams. 

In   one    experiment    in  which   a    solution   of   1-20;;^   Amyl    alco- 
hol  was  used,    the    (average)    reduction   in   the   amount   pumped   around 
by    the  heart    in  30    seconds   amounted   to   81.33    c.c.    at   37^       the 
weight    of    the    dog   used  was   19416    Grams.         Although  we  have   no    re- 
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suits  showing  the  effect  of  a  solution  of  l-f5f,   Amyl  alcohol  in 
measurements  of  '60   seconds,  the  above  figures  suffice  to  demon- 
strate that,  as  regards  its  toxic  effect  Amyloxyhydrate  fits  into 
the  series  with  the  other  alcohols,  being  twice  as  strong  as  Butyl- 
ic  alcohol,  which  is  twice  as  strong  as  Propyl ic.     The  position 
of  Methyl  and  Ethyl  alcohol  in  this  progressive  series  lias  been 
considered  elsewliere. 

As  the  physiological  activity  of  the  various  alcohols  in- 
creases with  the  complexity  of  the  molecule,  so  other  properties 
increase,  namely,  the  vapor  density,  tiie  specific  gravity  and  the 
boiling  point  becomes  higher,  this  becomes  evident  from  tiie  fol- 
lowing table: 


! 

Name   of 

Chemical 



Vapor 

Specific 



Boiling 

Alcohol 

Structure. 

:        Density 

H.  -1 

Gravity 
H. 0=  1000 

Point. 

' 

' 

Methyl 

C   H^O 

16 

.8142 

55. rC 

Ethyl 

C   H   0 

33 

.8  0625 

78.3' 

Propyl 

C^  H^  0 

30 

.8198 

98.     ° 

Butyl 

C^  H  .0 

37 

.8242 

117.      ° 

Amyl 

G ,  H  .,  0 

44 

.8296 

135.      "" 

The  vapor  density  of  these  alcohols  increases  7  for  every 
increment  in  composition  of  GH 
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The  boiling  point  increases  on  the  average  19. °G  for 
every  incrf.Tnent  of  CH    There  is  also  a  constant  increase  of  the 
specific  gravity  as  the  complexity  of  the  molecule  increases,  this 
hOY/ever  occurs  in  tne  second  or  third  decimal  point,  and  Ethylic 
alcohol  fo'-ms  an  exception  to  the  statement. 

POSITION  OF  ETHYLIC  ALCOHOL 
IN  THE  SERIES. 

It  is  evident  from  these  experiments  and  those  of  Du- 
jardin,  Bear.motz  and  Audige  and  J.  R.  Duggan,  that  ethyl  alcohol 
causes  a  break  in  the  series  being  less  hurtful  than  methyl. 
Since  ethylic  alcohol  is  probably  constantly  present  in  minute 
quantities  in  the  atmosphere,  as  fermentation  is  going  on  in  many 
ways  and  places,  and  as  dogs  probably  always  get  some  little  ethyl 
alcoliol  in  their  food,  such  as  in  tlie  bread  and  in  fermented  meat, 
this  fact  has  been  explained  theoretically  by  supposing  that  an 
organism  can  establish  a  certain  degree  of  tolerance  of  one  alco- 
hol  and    retain  its  sensitivenec^s  to  others. 

A  furtiier  explanation  of  tlie  tolerance  of  ethylic  alco- 
hol by  certain  animals,  is  furnished  by  a  fact  v/hich  is  becoming 
more  and  more  estalDlished,  c.nd  that  is:   that  ethyl  alcohol  in  mi- 
nute quantities  is  a  normal  constituent  of  almost  all  animal  tis- 
sues.   One  of  the  clearest  invest igations  on  tliis  subject  is  pub- 
lished by  A.  Rajewski  in  Phliigers  Archiv.  (B   XI  p.  122,  1875)  who 
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obtained  tlie  iodoform  reaction  in  the  distillate  of  fresli.  Liver, 
Brain  and  muscles  of  animals  perfectly  free  from  alcoliol.    Raj  ew- 
ski  concluded  that  these  tissues  either  always  contain  certain 
quantities  of  etliyl  alcohol,  or  that  the  iodoform  test  is  not  a 
sufficient  proof  of  the  existance  of  ethyl  alcohol.    C.  Binz 
fVorlesungen  uber  Pharmakologie  Vol.  II  p.  '6'57 )    holds  a  similar 
view,  according  to  which  this  test  indicates  alcoiiol  in  traces  even, 
but  also  carbohydrates,  albumen,  fibrin  casein  and  glue.    Accord- 
ing to  L.  Millon  fCompt,.  rend  1845  Vol,  4^  _: .  8^58)  the  iodoform  re- 
action has  been  obtained  with  saliva  of  teetotalers. 

This  reaction  as  is  perhaps  vrell  known   is  carried  out 
by  adding  a  few  drops  of  a  solution  of  Iodine  in  Iodide  of  potas- 
sium to  the  solution  to  be  examined,  then  just  enough  Sodium  ny- 
droxide  is  added  to  make  the  yellov^  color  disappear,  then  the  mix- 
ture is  heated  up  to  ab-^ut  eO"",-  on  cooling  the  solution  becomes 
a  yellowish  tint — and  the  minutest  trace  of  alcohol  will  cause  the 
formation  of  iodoform  wliich  can  be  recognized  under  the  microscope 
by  its  hexagonal  crystals.    Reaction  in  short  is  the  following 
81  +  C^n^O+Q    NaOH  =  5H  0  -  NevCKO^-^  5  Na  I-f  CHI.,. 

Although  this  -eaction  is  not  reliable  in  testing  for 
alcohol  in  living  tissues,  it  has  been  satisfactorily  shown  that 
these  do  contain  alcohol.    One  of  tlie  chief  workers  in  this  field 
is  J.  Bechamp  (Paris) 
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In    the   Oompt.    rendu    T.    LXXXIX,     p.    573         (Sur   la   presence 
de   I'alcool    dans  los    tissue   .-.nimaux    pendant   la  vie    et    apres  la 
mort),     Bechamp    states    that    he    extracted   0.8    Grams   of    alconol    from 
a   piece   of  moat   v/eighin/i;   6    lbs.,     that   lie   has   found   alcohol    in 
sheeps   liver    immediately   after   deatli,    also    in  human   brain.         He 
points    out    a   connection   betv/een  vital    phenomena   and  phenomena   of 
decomposition  under    the    influence    of   Mikrozymes.         This    investiga- 
tor  lias    also    found   alcohol    r,o    be    a  no^-mal    constituent    of   fresh 
milk    (Jo^^l:•n   GIigit..    Soc.    vol.    26,    p,    7G3 ) ,        Ke   iias    developed   a   tlieo- 
rj'-   coi-iccrning   fenv.entatl  ons   intra   vitan:  v/hich   is   based   on   v/liat    arc 
tenv.ed  by  hirr.  tlie  Hi  cro2yn:es.        Tliese   are   described  by  Iiiix  as   be- 
in/::  the   physiolO;':i  cally  active  parts   of   cells   of  aniiv.al   tissues, 
they   are  rrj'inite   f-ranular  rr-asses,    that    liave   tlie   pov/er  of   inducing 
f errr:entation   like    other   cellular  fements,    but    differ  in    qus.lity 
3.nd  enerp:y   of   action   accor'^inr;;   to   tlie    part    of  t-u:    or'^-anisn:   from 
which:   they  are   taken.        Tlie  I.Iicrozjnr.es   tlien  are   orranized  fcrrr.ents, 
occupyin.^?:   geneolop;i  cally   an   inteiTr.ediat  e  position   betv/cen   the   tvfo 
typical    classes   of  orgs^iized  ferir.ents   viz:      Yeast    and  Bacteria. 
Tl^ey  are   supposed   to  be  the    centre   of  all   chemical    Ghan;;os   of  liv- 
ing  and   dead  tissues.     (Eechamp.    Archiv.    do   Physiol,    horii.al    et 
Patliol).        Tlie  ir.icro2jnr.es  belonf;:   to   tlie   ararr.al    organism  as   inter:ral 
parts  vn'tliout  liavin^:   to  r;et   into  them  frorr.  tlie   a- r  or  otlier  n.edium 
tliey   are   even  in  perfect   liealth   capable   of   causinr;  all    tliosc  pro- 
cesses  intra  vitarr..  ivhi  cli   are    conjr.only   knov/n   as   f  er/r.entations   and 
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post   ir.orten:   all    tliose  ir.eto-ri.orplioses    uliich    are    coir.prisod.  nndor  t'le 
phenoiT.ona   of   decomposition.         All    soluble   fenr.Gnts   arc   prodticts 
or   secretion   of  lli  crosj'^r.es   and  are    called  Zyrr.asos    (A.    Eechaxr.p 
Areliiv.    cle   Pliysiol.    1882  P.    28)        Diastase   Trypsin  and  Pepsin   are 
toirr.ed  ITordeos:.Tr.ase,    pancreazyir.ase   and  r;astrozyrr.ase. 

It    will    be   impossible    for  us   to    enter  upon   the  m.etbod   of 
J.    and  A,    Becharvip,    of  isolating   tliese  mi  ci-ozymes,    v/]iicli  is   r:-ivcn   in 
Cor..pt    rend  L'CIXI   p.    226-S29.         Our   intention  m.crely   v/as   to   point 
out    a  tlieory  accordin.g   to   which  the    existence   of  ethyl   a-lcdiol   in 
living   tissi'.es,    miglit    be    orplaincd   and  also   tlie   tolerance   of    cer- 
tain animals   t  ov/ard     tJiis   alcoh_ol.         One   of  the  m.ost    satisfactory 
evidences    of   tlie   actual    occurrence    of   alcohol    in   tissues    is   given 
by   Binz    (Vorlesungon  uber  Ph.arm.3l:ologio ).      Parts   of  the   anim.al    oi^ 
ganism.,    on  distillation  in  a   tiglitly    closed  vessel   and  treating 
the   distillate   with   finely   divided  platinum,    gave   an   acid  liquid 

wliich.   redxiced  a  warm.ed  arrmoniacal    solution   of   silver consequently 

it   m.ust   liave   contained  aldehyde. 

Cause    of   tlie    dim.inution   in 

th.e  work   of  tlie   isolated 

heart    w-'lor  alcob.ol. 
In   a  previous   ni-urber   of   this    Journal    Vol.    2  p.    437   Prof. 
II.   N,   Martin  has    considered  the   alteration   in  tlie   phys:"  cal   condi- 
tion  of   th.e  heart    v;]>ich.   im.peded  its   action   and   diminislied   its  v^orh. 
The    question   wlietlior  the    alcohol   acted   on   tlie  nerves   and  go.nglia, 
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tlie  blood   vessels    or   on   tlio  rr.usciilar  tissue    of  t^-e  heart   has    re- 
ceived proper  attention*        It    appears   that   tl^e  n:ain   offGct    of  tlie 
drng   is    exerted  upon   the    cardiac  ii.nscular  tissue.         It    is    probable 
that    t;ic   blood  vessels    are   also   acted  upon   to   a    certain    extent,    per- 
haps  that   the   alcoh.ol  causes  a  vascular  dilatation  leading   on  to 
engorp;e:i'.ent   of  the  ]ieart   lyitii    the   poi  soned  blood,    destroying   the 
tonicity   of  the  blood  vessels   and  the    contractility        of  the  ulti- 
:/.ate  rr.usclc   fibrils.         Tlie   great    E\yelling    of   th^e   i^eart   has   been 
described   in   the    article   above,    and  its    relation  to   tlie    cho.racter 
of  V.'C  heart   heat,    tl^.e  n-.ain  feature   of  -fi^:  ch.   is   th_e   irr.perfect    sys- 
tole   so   tiiat   tlie   ventricular   cavity  is  not   obliterated  at    tlie   end 
of   the    systolic    co:itraGtion,    and  th.e   less    so   th.e    longer  tlie    alcohol 
h,as   been   adjv.ini  stored.         This   incory.plote    systole   is    compensated   for 
by   a  more    extensive    diastole    as   long   as   tlie  heart    can    swell.         As 
soon  as  tlie  pericardiuir.  prevents  tliis    excessive   expansion  in   dias- 
tole,   tlie   difference  betv/een   diastolic   and   systolic   capacity  be- 
coi/.es   less   and   less   and  th^c   ]-eart   pujr.ps   around  less   blood.      An   in- 
teresti"^-'-  :;.atter  in    th.is    connection   is    a   fact    which,   we   l^ave    ob- 
served  in    several    cases    ('3)    in   wliich    the  l-eart    was    e>q^anded   and 
ST.rollon   to   a   great    extei't    iir.-ler   alcohol    and  that    is,    tl^at    by 
placing   a    stethoscope    directly   on   th.e    organ,    we    coLxld  h.oar  plainly 
so    called   re'Xirgitant   iT.uri.nrs.         These   ir.unr.urs   are   undoubtedly   on 
'ooth^    Ki  des   of   tlie  lioart.      Perhaps   they   are    caused  by   tJie   sv/elling 
and   expanding   of   the  lieart    excentri  cally,    v/liereby   the   fibrous    rings 
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to   v;]iich   the   valves   are   attaclicd  d.yq    so    cnlarnccl  tliat    the   valves 
are   no   longer  larr-e    Gnoiip;}i    to    cover   tlierr.,    and  tliere    is   possibly 
a    condition   of   things   knovm  as   tricuspid  and  mitral    insiif  f  i  ci  oncy 
and   regurgitation.         In    soir.e    of  the    dogs      hearts   that   vyere    filled 
vdth   water  after  tlie   experirr.ents,    althougli  th.ey  h^ad   collapsed  to 
some   extent   th.e  valv-'olar  insufficiency  \va,s   quite   apparent.        Tliis 
fact   was   also    discovered  by   freezing   a  heart    tliat   h_ad  just   been 
experiir.ented  upon,    and  ligating   it    so    that   non.e    of  its    contents 
couJd   escape.        On   dissecting   av/ay  th.e   auricles   froir.  th.e   frozen 
organ   it    could  be   seen  tliat   the   valves   did  not    entirely   cover  tlie 
orifice.      In  all    ex]:eriiT.ents   r/e   noticed  small  h_eir.orr]5  2.r;es   in.to   the 
cardiac   tissue,    these  were   very   considerable  with,   tlie  higher  al- 
cohols  and  partook   of   th_G  nature   of   ecch.yir.oses.         It   was   thou-lit 
that   th.ey  v/ere   th_e   direct    result    of  the   action    of  the   alcohols,    by 
injecting    considerable    quantities   of   alcohol    into    th.e    jugular  veins 
of  dogs   hov/ever,    we  v;ere   in  no   insta:ice   able   to   produce   then:   on  the 
heart  • 

Th.e   reason  wliy   all    averages   were    calculated  at   37   degrees  C. 
was  th.at   it   was   found  tliat   th.is  t o;..pcrature    could  be  most    easily 
ii-aiiitained   and  principally   because   thie   averages    couJd  not    have   been 
dravm  at    a  higher  tem.perature   on   a-ccount    of  the   increase   in  poison^' 
oiis   action  p  articled  a  rly   of  Air.yl   alcoliol,    vdii  ch   in   the    strength 
used  by  us,    invariably  produced  rapid  death   of  the  heart   above   Z8° 
Tio   cliange   in  the   pulse   rate  ".vas  noticed  under  alcohol,    in   any   of 
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our  e>?peri!r.ent  s. 

The   VTriter  vdslios   to    express   ii.is   indebtedness   to   Prof. 
}{.    ITeivell   I'artin   for  rr.uch   ^ood  advice   and  rr.any   usofnl    su'-gcstionsi 
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EXPERD-IENT  v/itli  l/S.'^T  C.  M.,  0  Plethyl  Alcohol;  April  20th,  ISSG. 
Dog  under  Morphino  and  Curare.  Def ibr inat ed  Calf's  blood  used. 
Heart    isolated  at   2:15  min.      Remained    in    -ood   condition   1   jir.17  min. 


Time        Amount   pumped  around    in  30   sec.    at    Temp.  Kin:l   of   blood 

2:18  196  C.C.  30   sec.  56°  Pure 

2:20  107  If  ti                                    ir  n 

2:22  197  "II                                  If  I, 

2:24  193  "  "  35  " 

2:2c  G   H  ,    0    1/5 fo 

2:27  186  "  *  35  " 

2:29  175  "  "  35.5  " 

2:32  162  1  »  38  " 

2:33  Pure 

2:34  174  "  "  36  " 

2:3G  185  "  »•  36.5  " 

2:;iS  194  "  "  36.5  " 

2:40  194  "  "  37  " 

2:42  C   H      0    1/5^ 

2:43  174  "  "  37  " 

2:45  100  "  "  37-  » 

2:47  148  "  "  37.5  " 

2:50  102  "  "  38  " 


Amount  pum])od.  around  in  50  soc   at  Tom]).   Kind  of  Blood 

Pure 

156  G.C.  50  sec. 

158.5   "  " 

109.75  »  " 

168.75  "  " 

170   "  " 

158   »  " 

150   "  " 

114   "  "  40 


5;;.  5 

58.5 

11 

59 

n 

59 

n 

59 

« 

C 

"4 

0 

1/' 

« 

59 

n 

59 . 5 

« 

Pure 


120  "  "  40 

152  "  "  40 

141.5  "  "  40.5 

142  "  41 

92  "  "  42 

70  "  "  42 

40  "  "  42 
Stopped  pumping 


Began  pumping  a- 
round  again,  but 

very  feebly 

Temp,  tov/ard  end 
too  high;  proba- 
bly   caused   death • 


C  H^  0    \/5% 


Pure 


Action    of   G  H,   0    l/5;t   incroasos   witl;    the    tonijioratur e.  Thus:    at    55 

Cent.    We    obsorve   a   fall    from   196    C.C.to    1.J6    C.G.or   10  G.C.in   ;50    sec 

at    o7      "  "         "       "  "         104    "         "      174  "      20  G.C.     "       "       " 

„    39       ,,  n  <i       tt  1.         170  n       133  tf       52  c.G.     "       "  " 

"    42      "  "         "       "  "         142  "         92  "      50  G.C.     "       "       " 


This   gives   an   average   of  20.7   G.C.    reduction    of   amount   pioraped  a- 
roLmd  under   l/S/*   G  H  ,    0   at    Temp.    57      G.    in    '60   sec    measured   one 
minute   after    G  H^  0   l/s^  blood   vms    turned   on,    and   calculated   from 
the  averap-e   of   the  measurements   at    55      G   37      G   and   39      C 


EXPERIMFJJT   with    Methyl    Alcc-hol;    April    21st,    133G, 

(a)  Defibrinatcd   Calf's    blood 

(b)  "  "  "      v/ith    1/5;^   C  H^  0 
Heart    isolated   '6.    P.    H.        Heart    lived  1  hr.       5  rain. 


Amount   piomped  in   30    sec      at    Temp 
108   CO.         " 

110      "  " 

112      "  " 

112      "  " 

112      "  " 

98         »  "  35 

88         "  "  35.75 

102   "  "  36 

108.5   "  "  56 

110   "  '•  3G 

112   "  "  36.5 

110.5   "  "  57.5 

90.75  »  "  87 

80.5   »  "  57.5 
4 


it    Temp. 

Kind   of  blood< 

0 
34.5 

Pure 

34.5 

n 

35 

" 

35 

n 

35 

II 

C  H^  0 


Pur( 


0  H  ,  0 


Amount   i)vunpod   in    30    sec.      at    T'omp.  Kind   of  blood. 

72    C.C.  "  37.5'  C  IT,    0 


91  "  "  38 

9G  "  "  38 

102.5  "  "  33.5 

102  "  "  33. 5 

73  "  "  39 
68  "  "  39.5 
54  "  "  39.75 

70  "  "  40 

75  "  "  40.5 

Df>ors    oj)  r_^"ti  od 

74  "  "  39 

Pericardium   cut 

72  "  "  33.5 

80  "  "  38.5 

38  "  "  33 

94  "  "  38 

80  "  "  37.5 

74  "  "  37 

70  "  "  57 


Pur( 


C  H^  0 


Pure 


Time.    A 

mount  pLw.i)od. 

'6155 

75  G.C 

5:56 

SO 

3:57 

80    " 

3;  58 

3 :  59 

74    " 

4:   P.M. 

68    " 

4:1 

4:2 

70 

4:3 

70    " 

4:4 

74 

4:5 

68 

4:7 

60 

4:9 

60 

37 
37 
36.5 

36 

36 


Kind   of   blooc 
Pure 


G   H^^O 


Pure 


Heart   irregular   and  hcr.inninr',    to    di  ( 


Methyl   Alcohol   0.207o   in    this    cxrerimont    caused  a   fall 
from   112    to    98   or    14   G.C.    at    35°    G  ) 

"  110  "90.75  "  19.75  "  "37"         )   in  30  seconds- 
"  103  "  78    "  -*  25   "  "   39  "         ) 
58.75  "    111 
Average  19.533  G.C.  in  30  sec.  at  37"  G, 


1        I^XPERI'IKJT.         April   27th,    1386. 
Dog  under   Morphine   and   Curare*         Calf's    blood   defibrinated   and  Al- 
coholized  blood  l/oP-o   of   G  H;^  0,  Methyl   Alcohol. 

Heart    isolated  at   2:^0   P.M.         Heart    in    good    condition    for   1  hour 
and   lO  rain. 


Araoiont   pumped   in  '60   so 

110  C.C.  30 

111  " 

112  "  " 


100  "  "  55 

98.50  55.75 

90  "  "  36 

105  "  "  56 

108  •'  "  56.5 

110  "  "  56.75 

108  "  "  56.5 

110  "  "  57 

91  "  "  37 

85  "  "  58 

80  "  "  38 

7. 


at    Temp. 

K: 

ind   of  bloods 

35^ 

Pure 

55 

It 

35 

tt 

C  H^  0 


Pure 


Time         Amount   p-umpcd   in  '60    soc.      at    Temp.  Kind   of   blood. 

■61      P. LI.  Pure 

94  "  "                       o8  °  " 

95  "  "                        38  " 

93. 5      "  «                        33.5  " 

(not    quite  ) 

99.75    (    100  C.C.  )            3.>>.5  " 


C   H^  0 


75    O.C.in    30    sec  39 

70         "  "  39.5 

64         "  "  39.75 

70         "  "  39 

72         "  "  39 

68         "  "  38.5 

(Pericardium  cut  off) 

90    "     "  38 

93    "     "  38 

95    "     "  37 

85    "     "  36.5 

80    "     "  56.5 

80    "     "  57 

85    "     "  57.5 
8 


Pure 


C  H   0 


Pure 


Time    Amount  purnpod  in  30  soc   At  Tomp.  Kind  of  blood 

3:35            90    "     "  33 '^  Pure 

3:3G  G  11^  0 

3:37            70    "     "  38. 5  " 

3;  38            60    "     "  39  » 

3:39            40    "     "  39  " 

3140            20    "     "  39  " 

3:41                 stopped  39  " 

3:42  Pure 

3:43  39 

Heart  pumped  around  again  for  a  few  seconds  and  then 

stopped  very  much  dilated;  heart  showed  small  eccymoses,  lungs  in 
good  condition. 


Notes    to    Experiment    I    on   April   L'-Vth,    1386. 


Methyl   Alcohol   C  H^  0    in    form   of  l/s^   solution    in   defib- 
rinated   Calf's    blood,    causes   a   diminution   in    the   amount    of  blood   pumped, 
around  by   an    isolated   dog's    fioart    in   a   niven    jieriod   of   time    (oO 
seconds  )  • 

the   heart    tissue    increases   with,    the    temperature,    causin,":   a   fall 

from   112    to    100,    i.    o-    a   reduction   of   12   CO.    at    '65''  C. 
"    110    "         90      "       "       "  "  "      19      "         "       57      " 

"99.75"         75       "       "       "  "  "   24.75    "  "       39°    " 

Average    fall    of  1G.585   CO.    at    57.°      0    in    '60   sec. 

Methyl   alcohol    then    causes    an   average   reduction   of  about    13   C.G.    at 

a  mean   temperature   of   57 °      in    this    experiment. 

II    Experiment   on  April    27th,    138G. 
Dog  under   Morphine   and   Curare.       Calf's    blood   defibrinited    » 
Calf's   blood   alcoholized  with    l/5fo  Methyl   Alch. 
Heart    isolated  4:15.        Heart    lived   one   J:r.    and   11   min. 


Time.         Amount   pumiiod    in  50  sec      at    T^mp.  Kind   of  blood. 
4:i7                             llLj    O.C.  "                        40.5      C  Pure 
4:i8                             117      "  "                        40.5  » 
4: 19                             IIG      "  "                        40  « 
10 


Amount   puimpod   in    60    soc      at    Tomp 


iiG  cy  G, 


86.5 

70 


90 
80 


40^ 


40.5 

40.5 


90 

" 

40 

95 

M 

;59.5 

99 

» 

'69.5 

105 

tf 

39.5 

111 

tl 

59.5 

115 

tt 

69 

IIG 

U 

ir 

115 

tl 

59 

39 


Kind  of  Blooc 
Pure 


C  H  ,  0 

■7 


Pure 


Pure 


C  H  '  0 


Pure 


78 

90 
10.3,5 
103 
107.5 


38.5 

38.5 

38.  5 

38 

37.5 

11 


Amount  pumiJGcl  in  oO  s'>c.   at  Temp.      Kind  of  bloodi 

C .  C .  G  H  ^  0 

-7 

88.5  "     "  37°  » 

78. 5  "     "  37  » 


36.5 


Pur  G 


G  H^  0 


7G  "  "  3G.5 

SO  «  "  36 

SO  "  "  36 

78  «  "  35.5 

80  "  "  35.5 

66.5  "  "  35  " 

GO  "  "  35  » 

(Lamp  turned  on)     Pure 

69  "  "  35  » 

78  "  "  35.5  «• 

80  "  » 

30  "  " 

88  "  » 

88  "  "  36 

90  "  "  37 


36 

tt 

36.5 

V 

(Pericardium   cut 

off) 

36.5 

Pure 

G  11,  0 
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Amount   pumpod   in    50   soc  at    Tomp.  Kind   of  blood. 

78    C.G.         "  37  G  H^  0 

G9         "  "  67  " 

GO         "  "  57.5  " 


70.5  »  "  57.5 

75  "  "  58 
7G  "  "  38 

76  "  "  3o.5 

GO  "  »  59 

50  "  "  59 

42  "  "  59.5 


55          "             " 

59.5 

50 

59.5 

4G         » 

40 

40         «            » 

40 

Hoart   bog  an 

to 

b( 

•?at 

very 

Pur< 


Pure 


irrognlar,    pumped  a- 
Annotat ions  ) ) 

to  Experinicnt     Ground   less    and   loss   and    finally    stojiped  beat- 
N   11,    Apr. 27       ) 

1888.  )ing    in    diastole  very   much    dilated  v/i  th    small   ec- 

Methyl   alcohol  ) 
l/b^  }   cliyraoses    all    over    it» 

Observations    wore   begun   v;ith   a   comparatively   high    temperature   bo- 
cause   the   blood  had   time    to    become  heated  up this    being    the    sec- 
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ond   exporiniGnt   of   the  day.         Tlio    tomporature   was    lov/erod   by    turning 
do^vn    the   lamps   and   opening   a   larr;o  hitherto    covei'ed  hole    in    top    of 
case,    v/-ri  f;n    the   temperature   reached    '60    ;    this   was    a^^ain    closed  and 
the   lamps    turned   on. 

In    this    experiment    0.^0/^  C  H^    0   produced 
a   fall    from      IIG   C.C.    to    3ij.5   CO.    or   29.5   C.G,    at    temp.    40.5 
u        n  t.  -^2.5       "  "       90  ••       25  "  "  "  59^ 

u       «  1.  107.5"  "       08.5  "       19  "  "  "  57" 

"       «  "  SO       "  "       uG.5  "       15.5       "  "  "  55'' 

Average   fall    of  19    G.C.    at    57''  C.    in   50    sec 
This  makes   an   average   reduction    in    the   amount   pumped  around   of  a- 
bout    G    G.C.    for    every   2      of   temp,    or    5    CO.    for    every   single    de- 
gree  of   increase    in    temperature. 
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EXPKRIMFJIT  April  25rd,  13SG   Methyl  Alcohol  I/d^?  in  def ibrinatod 
Calf's  blood.    Dog  under  Mor])hine  and  Curare. 

Heart  isolated  2:40  P.M.  under  experir-iontation  for 
Amount  pumped  in  '60   second  Tomp 

128  C.C.   " 

129  "  " 
lol.5"  " 
152   " 


Tomp. 

Kind  of  blood^ 

0 

40 

Pure 

40.5 

n 

40.5 

w 

AO 

tt 

101   "  "  40 

75  "  "  40 
48  "  "  40 
20   "  "  59.5 

45   "  "  59,5 

76  "  "  59.5 
105.5"  "  59.5 
128.5"  "  59 
152   "  "  59 

106   "  "  59 

82   "  "  59 

58   "  "  58,5 

32   «  «  58.5 
13 


Alcohol  l/o^ 


Pure 


Methyl  Ajc.l/s^i 


Amount  pumpod  in  50  seconds  Temp.  Kind  of  blood. 

Pure 

GO  C.C.    "  oS.5°.  " 

81.5  "     "  53.5  » 

105    "     "  58.5  " 

123    "     "  53  » 

129    »     "  58  «» 

129.5  »     ••  58  " 

105.   "     "  " 
31    "     " 

55    "     "  57.5 


50  "  "  " 

70  "  "  57.5 

124  "  "  " 

128  "  «  57 

123.5  "  " 

103  "  "  57 

05  «  "  56.5 

24  "  "  5U.5 
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Mothyl  AIC.1/5X 


Pure 


Methyl  Alcl/o^ 


Pure 


Time  Amount   pumped   in    oO    seconds    Temp.  Kind   of  blood. 

56,5  Pure 

56  " 


Methyl  Ale.    l/5  % 


5:59 

102    C.G. 

II 

0:41 

124 

II 

5 :  45 

127         " 

" 

3:45 

127.5    « 

11 

3146 

5:47 

110 

II 

5:49 

95         " 

" 

3:51 

78         " 

n 

3:53 

60   heart 

,    irr cellar 

3:55 

3:56 

60  more 

irro/^ular 

Pure 


4:  Hoart   did  not    re- 

cover  under   pure 
blood. 

In    this    experiment    the    temperature   v/as    taken  high    (40  G  ) 
at    the   beginning   of   t'n  c    experiment    and  f^radually    lovt'ored  as    it   pro- 
gressed.        In   o^/ner    experiments    the    effect   of   the   alcohol    increased 

as    the    tomr-erature    increased in    this    case   it    decreases    as    the 

temperature   decreases in   both    cases    shorting   dependence  upon    the 

temperature.         The    effects    of   l/5^  Methyl   Alcohol   as    sho-wn   by    the 
table  are: 
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At  40'  a    fall  Trom  1'62    C.C.  to    lOl  CD.  or  reduction  of    '61    G.G, 

"  ;',9'  "         "  "  1'62      "  "      lOG      "  "                 "  "      2C      " 

II  vr,'  II         II  11  129.5"  "      105      "  "                 "  "      24.5" 

11  3Y  II          .1  It  128.5"  "       108       "  "                  "  "      20.5" 

,1  ^^»  n          ti  II  127.5"  "       110       "  "                  "  "       17.5" 


Heart   stopped   in   diastole,    very   mucli    swollen   and    covered 
v/ith  minute    ecchymoses* 

The   averaf^e   taken    from   above  measurements   at    56      57  ^  and 
58^    is    20.85   C.G.    reduction   in   amount   piompod  around   in    50   seconds 
at    57". 

Average   reduction    of  all    (4)    Experiments   v/ith   l/5/i  Methyl 
Alcohol    (excluding    the   one    on   April   25rd,    ISo'j) 

April   20th,    188G — 20.7         G.G.    reduction   at    57° 
"         21st,     188G  — 19.585       "  «  t.       u 

I.  "         27th,    18367-1'].  585       "  "  "       " 

II.  "         27th,    1880—19.  "  '•  "       " 

4)77.806(19.40    G.C.=   Total   avcrace 
reduction   of   amottnt   ptunped  around   in    50    GeC(*nds   at    57      G.    by    isola- 
ted dogs   heart.       (calculated   from   results    of   four    experiments.) 
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EXPERIMENT,    May   2nd,    1336,    Ethyl   Alcohol   l/ii/o   in   dGfibrinatod 
calf's    blood*         Dog   -"inder  Morphine   and   Curare*        Koart    isolated 
2:24   P.M.    imder    cxporimontat  ion  .1   Iiour    and  44    minutes. 


Amount   pumped   in    oO  seconds    Temp.  Kind   of  blood. 

164    G.C.       "                          42°  Pure 

luo       "             "                               "  " 

168      "            "                           "  " 

168      w            «                            »  H 


126  "  "  " 

93  "  "  " 

60  "  "  41 

24  "  "  tr 

65  "  "  " 

IO4  "  "  " 

148  "  "  " 

165  "  "  " 

168  "  "  » 
II 

130  "  "  " 

98  '•  "  " 

69  »  »  40 
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Ethyl  Ale.    l/5fo 


Pure 


Ethyl   Ale.    l/o/2 


Amount   i'umpod   in    '60   soconcls    Temp. 


40 

34 
120 
1G4 
IG;; 
lUG 

155 
100.5 

70 

57 


110  " 
153  " 
1G5  " 
1G5.5  " 

157.5  " 

105    " 

79    " 


40 


39 


58 


Kind  of  blood 
Ethyl  ale.  l/5^ 
Pure 


Ethyl  Ale.  1/5^ 


Pure 


Ethyl  Ale.  1/;; 


Pure 


20 


mo 

Amount  pum]. 

.ed  in 

■60 

SGC( 

'lids 

Temp. 

K: 

Lnd  of  bloods 

as 

103 

O.C. 

■63° 

Pure 

40 

153 

ti 

u 

n 

42 

1G4 

II 

If 

If 

44 

105 

n 

It 

n 

44 

105 

45 

40 

142 

47 

120 

48 

90 

49 

50 

124 

52 

146 

54 

159.5 

50 

100 

58 

102 

59 

105 

57 


Ethyl  Ale.  1/5^ 


Pure 


Ethyl  Ale.  1/5^ 


01 

140.5 

02 

120 

05 

99.5 

04 

06 

124 

OS 

148 

10 

100 

11 

102 

56 


Pure 


Timo 
4:12 
4:10 
4:14 
4:15 
4:16 

4:17 


Amount  ])U!nin?d.  in  50  seconds  Temp 


145.5  C.C.  " 

128   heat    iri'or;ilar 

110  O.G.  50  seconds 

40   Ki/7no,p;raph    trac- 
ing  faint* 

heart   did  not    re- 
cover -under  pure 
blood* 


5G 


Kind   of  blood* 
Ethyl   Ale.    1/5; 


Pure 


RESULTS : 
At    42 

«    41 

"    40 

"    59 


a   fall    from  1G3      C.C.    to    12C    C.C.    or    red.    of   42   C.C.     )    In 

) 
••    loO       "  "       " 


37 


1G3 

IGC 

105,5 

165 

1G5 

1G2 


55 


25  " 
13.5" 
1G.5" 


) amount 

) 

)  pumped 

) 

)  around 

) 

)in   50 


)sec- 
)  onds . 


"  155      •■  "  " 

"  lo'/    5"  "  " 

"  142       "  »  " 

"  14G.5"  "  " 

It  i.i;3,5"  "  » 

As    the    temperature   sinks   not    only    the   amount   pumped    a- 

round  becomes    less,    but   also    the   reduction   produced  by    l/s^  Ethyl 

Alcohol    (become   less    and   less).         The    temperature  was    intentional 

ly  made   to   be  high   at    onset    and   then   gradually    lovirored. 

Average   of  Experiment    on  May   S-nd,    I80G   v/ith   l/s^  Ethyl   Alcohol    in 

defibrinated   calf's    blood  1933    O.G.       reduction    in   amount    of   C.C. 

pumped  around   in    50    seconds    at    57" 
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FXPEKTMENT  Ka-'ch  4th,  IS'do,  Ethyl  Alcohol  1/d^  in  dcf ibrinat.od 
clop: '  ."^  blr.od.  Dor;  undor  MorphitTo  and  (^'■.\varn>  '^eart  isulatod 
i:£4   P.M.    romainod   f^ood    for    1    ho'.ir    and    oA  minutes. 


lo  Arnount    pumixjd   in    oO  cjeconds    '^omp.  Kind   (.f   blood. 

l^oC.C.  "  55°  Pure 

153       "  "  "  " 

io,;.o"         "  "  " 


loO       "  "  " 

121.  o"  "  0.0.5 

llii       "  " 

100  "  "  " 

110.5"  "  " 

lis      "  "  " 

15U       "  "  56 

1^7.5"  "  " 

125       " 

101  "  "  " 

76       "  "  56.5 

G4.5»  "  " 


Pthyl   Ale.    1/5^ 


Pure 


Kthyl    Ale.    l/o^ 


Timn  Amount   pumped   in    50    s>^Gonds    '^emp. 

i:52 

78    CO.  "  06.5' 

90 
112 
126 
15o 
15d 


115 
95.5 

76 
58 

78 
101 
124.5 
154 
155 

110 
91.5 
05 
50.5 


57 


58.5 


Kind  of  blood. 
Pure 


Alcohol  1/5^ 


57.5         Ethyl  Ale.  l/o^? 


Pure 


Ethyl  Ale.  1/0)^ 


Pur. 


Aino"'.int   piimpod 

in    oO    p, 

:)C. 

'^  ornp . 

Kind   of   blood. 

61    C.C. 

" 

58.3° 

Pure 

104 

" 

tf 

« 

1,30.5    " 

" 

H 

ti 

163 

" 

59 

II 

lo4.t5    " 

\i 

II 

II 

105 

75  "  "  " 

98  "  "  59, 

126  "  "  " 

152  "  "  " 

154  "  "  " 

100  "  '»  " 

68  "  "  40 

Hoart  boat 
irrorular 


72  ^ . G .    "  " 

Kymo,"^raph 

tracing 

feeble. 

64  n.C.    "  " 

40    "     "  40.5 

Fea:i*t  dying 


Ethyl  Ale.  1/5^ 


Pure 


Ethyl  Ale.  l/o^ 


Pur( 


25 


Ki':siiLTs; 

.  _  o 

At    60 


fall    from   loo.. -5    0.0.    to    150    0.0.    or   reduction   of      o.5   C.C 


"            "      lo7.5      "  "      r.]6      "  "  " 

"              "        lou              "  "        115        "  "  " 

"            "       Ion            "  "       110       "  "  " 

»               "        l.j-i.D        "  "        lOo        "  "  " 

"    3y.5    "          "            "       lo4            "  "       100       "  "  " 

Averar;G    tahon    from  the  rriGasuronorits  it    the    tomi)  oratarc   of 

0         °         0 

'6'6      57      58   is   20. IG   0.0.    reduction   at    57"  in   amount   pumped  aroimd 

in    5O    seconds. 


"      14.5 
"      21. 


51.5 
54. 


S6 


EXPEKIMPJIT^S,    May    Cith,    llMiC.         Etbyl   Alcuhol    l/r)%   in    def ibrinatod 
calf's    blood.         Dor    under   Morphine   and   OLiraro.         Isc'lation   complote 
ed   2  P.M.        Heart    under    experimo  i  tation    70  minutes. 


Time 

Amount  pumped 

2:05 

164  O.C. 

2:0o 

ICo 

2:07 

lo4    " 

2:08 

loD 

2:09 

2:10 

155 

2:11 

142 

2:12 

129 

2:i;'> 

116    " 

2:14 

98 

2:15 

2:iG 

118 

2:17 

155    " 

2:13 

.  156 

2:19 

162 

2:20 

164 

2:21 

2:22 

148    " 

2:25 

loO    " 

)0  sec 


Temp. 
55.5' 


57 


Kind  of  blood. 
Pure 


Ethyl  Ale.  l/r: 


Pu] 


Ethyl  Ale.  1/5^ 


Amount  rumpod  in  oO  st^c    Tom] 
^J4  C.C.    "  57° 


2G 

«4 

27 

28 

100 

50 

158 

54 

102 

36 

lu5 

59 

145.5  " 

40 

124 

41 

105 

42 

82    " 

45 

64    " 

44 

46 

85    " 

49 

158 

51 

153.5  " 

52 

162 

54 

162 

58 

162.5  " 

59 

158    " 

01 

114 

02 

90    » 

59 


40 


Kind  of  blood. 
Ethyl  Ale.  l/o^ 
Pure 


Etlr'l  Ale.  l/o^ 


Pure 


Ethyl  Ale.  1/5;^ 


28 


T: 

Lme 

Anioiint   pumj'od   in 

'6 

:06 

55    CO. 

Heart    irre^;- 
ular . 

^ 

:04 

'6 

:06 

54    O.C. 

6 

:08 

G5         " 

Irror;ular 

'6 

:09 

"      48 

:io 

42 

K^^.TTiosraph 
tracinr;    f coble 

Heart   now- 
pumped   loss 
and   loss    and 
finally   stop- 
ped at   5: 15 

Temp.         Kind  of  blood. 
40"  Ethyl  Ale.  l/s;^ 

"  Pur  e 


py.suLTs : 

At  SG"  a  fall  from  165  C.C.    to  lo5  C.G.  or  red.  of  12  CO.  )   In 

) 

"  '67''    "   "     "    104    "     "  148   "    "    "    "   IG   "    ) amount 

)  pumped 

"  38   "   "     "    1G5    "     "143.5  "    "    "    "   19.5"    )around 

)in  50 

"  40  '  "   "     "    162. 5  "     "  158   "    "    "    "   24.5"    )sec. 

Avcraf[;e   taken   from    the  measurement   at    the   first    three 
temperatures    -   15. 85   6.C    reduction   at    57° 


EXPffilHENT  May  7th,  1386,  Ethyl  Alcohol  l/n;'o  in  dcf ibrinated  calf' 
blood.  Dog  under  Moriihino  and  Curare*  Heart  isolated  1.25  P.M. 
f^ood   for   1,1/2  hour. 


Time  Amount   pumped   in    oO    sec.         Temp.  Kind   of   blood. 

56°  Pure 


i:oO 

14. >  CO 

1:32 

150 

1:53 

149    " 

1:35 

150 

1:35  45  sec. 

i:37 

141:5  " 

1:39 

130    " 

1:40 

122 

1:42 

101 

1:43 

96    " 

1:45 

85 

1:4.6 

1:4s 

94.5  " 

1:49 

103.5  " 

1:50 

132 

1:52 

142 

1:53 

14o 

1:54 

36.  5 


37 


Alcohol    1/5;^ 


Pur* 


Ethyl   Ale.    l/ofo 


30 


Amount   pumped   in  J'iO  seconds    Temp.  Kind   of   blood 

150    C.a.  "  37'  Ethyl   Ale.    l/s^ 

112         "  "  "  " 

95         "  "  57.5  " 

78.5    "  "  "  " 


92  "  "  « 

110  "  "  " 

12s. 5  "  " 
142 

144.5  "  "  " 

146  "  "  38 

146  "  "  " 

125.5  "  "  " 

102  "  "  " 

80  "  "  " 

00.5  "  "  58.5 


85 

104. 

5 

" 

128 

It 

140 

" 

144. 

5 

" 

Pure 


Ethyl   Alo.    l/ofo 


Pure 


Ethyl   Ale.    1/5;^ 


31 


Amount   punipod   in    '60    seconds 
120    C.C. 
94 
80         " 


Temp 


Kind  of  blood. 
Ethyl  ale.  l/o% 


Pui 


69 

96.5  " 
124 

i;5S..5  " 

140  " 

142  " 

111    " 

39         " 
irrecu-lar 
pulse. 

Did  not  re- 
cover under 
pure  blood. 


;S9.5 


40 


Ethyl  Ale.  1/5^ 


Pur( 


At  m^    a  fall  from  150  CC.  to  141.5  C.C.  or  red.  of  3.5  C.C)   In 

) amount 


"  37 
"  58 
"  o9 
"  40 


143   " 

"  130 

14G   " 

"  125. 

5 

44.;)  " 

"  120 

142   " 

"  111 

13 


'  ) pumped 
) around 

;"().5   "  )in  30 
)sec- 

24.5   "  )onds. 
) 

31     "  ) 


T]-io   average   reduction    calculatod   from    the   first    three 
measurements   above   is    15.5    C.C,    at    o7 "   in   50    seconds. 

The  greater    effect    of   the   alcohol    at  h.igher    temperature 
is   very  noticeable   in    this    experiment    the   successive   reductions 
being   8.5    CO.    i,;.    C.G.    20.5   CO.    24.5    0.0.    and   51.    0.0.    at    56°    57 
58      39 "^    and   40'^   respectively. 
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"XPERIt.'K'IT,    l-'ay   lOth,    188G    .         Ethyl   Alcohol   l/s;?  in   defibrinatod 
calf's    blood.         'Dor,   under  Morphine   and   Curare,*      '^eart   isolated 
2:24   P.M.    remaining   fZ(^od   l,l/2  hour. 


Amount   pumped   in    30    sec  Tonp.  Kind   of  blood- 

128      n.G.    "  55'  Pure 

150         "         "                          "  » 

130.5    "         "                           "  " 


120         "         "  " 

112         "         " 

101         "  "  35.5 


80 


»  II 


103:5    "  "  " 

125         "  "  « 

130         "  "  36 

129.5"  " 

118 

90.5    "  "  " 

68         "  "  " 

34 


Ethyl   Ale.    1/5^' 


Pure 


Ethyl  Ale.    1/5^ 


Pure 


Amount   pumped   in  '60    sec  Temp.  Kind   of   blood- 

84.5    C.C.  "  36.5'  Pure 

109.5    "  "  "  " 

129         ..  ..  n  » 

129.5    "  "  "  " 

129.5    "  "  57  " 


110 
91.5 
69 

75 

96 
128 
129 


105 
78 


126 


38 


Kthyl   Ale.    1/5;^ 


37.5  Pure 


Ethyl   AlGO.    1/5^ 


3:33  Heart  49  "  "  "  » 

miurmur 
3:54  Pure 

74.5  "  "  38.5  " 

112  "  "  "  » 


35 


Amoimt   pumped   in    50    sec         Temp.  Kind  of  blood. 

128. 5".  C.       "  58.5''  Pure 


128         "  "  39 

98.5    "  "  " 

09""  " 

34         "  "  39.5 

71         " 

102.5    "  "  " 

124.5    "  "  40 
125.       " 


Ethyl   Alcohol    l/5/ 


Pure 


Ethyl   Ale    l/o^^ 


Q-J^  It  U  II  » 

irregular 

30  ^^ 

Kymof^raph    ) 
) 
tracing         )  Pure 

faint  ) 

n 

heart   dying. 


At    35      a   fal3    from  130.5   C.G.to   120   CO.  or   rod.    of  10.5    CO.)      In 

) 
"    36      "       "  "         129.5      "         «    lis      "         "       "  "    11.5      "       )amount 

) 
"    37      "      "  "        129.5      "         "    110      "         »       "  "    19.5      »       )pumped 


36 


At  38  a  fall  from  129  O.C.  to  105  CO. or  red.  of  24  C.G.  )around 

) 
tt  39   "   ti     »    128   "     "  93.5  "   "    "     "29.5  "   )in  30 

"    40      "      "  "         125      "  "   91         "      "         "  "    34        "      ) see ends 

Averar^e   taken   from   the  moasurGmonts  at  36  '   57' and   38      is 
18.33   CO.    reduction   at    37 '^  in   amount   pumped   around   in    30    seconds. 
Lungs   well   preserved,    no    ecchymoses   noticeable   on    outside   of  heart. 
For   some   reason  which   camot   yet   be   found  out,    a  murmur    (regurgi- 
tant)   is   heard  over   the  left   side  of  the  heart   only,    it    is  most 
likely  due   to  an   insufficiency   of   the  valves   of  tlie   left   side   of 
the  heart   both   of  the  Mitral   and  semilunar   valves   at   the  orifice   of 
the  aorta. 

Average   result   of  Four   Experiments   with   Ethyl  Alcohol 
1/5^  on  defibrinated   calf's    blood. 
May      4th,    1886,20.16   CC    at   37' 


Reduction   in  amoxmt 
pumped  around 


in   30   seconds ' 


"         6th,       "        15.83      "         "         " 
"         7th,       "         15.5         "         "         " 
"      10th,       "      -18.33      "         "         " 
4)69.82(17.45 
Average   Total   of  4   Experiments   with   l/5^  Ethyl   Alcohol 
17.45   C.G.    reduction  at   37'^  in  amount   pvimped  around  in   30   seconds' 
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EXPERIIIT^MT   Mo    II,    May   20th,    1836.      Propyl.    Alcohol    l/o%  in    defib- 
rinated   calf's   blood.         Isolation   completed    '6'13  P.H,        Heart   undey 
experimentation    for   4C  min. 


Time  Amount   pumped   in    30  minutes    Temp.  Kind  of  blood 

35.5'  Pure 


36  Propyl  Ale.  l/s;? 


3:20 

168  C.C. 

•6:21 

170    " 

3:22 

170    " 

3:23  30  sec. 

3:24  15  " 

105    « 

3:25 

74 

3:26 

42.5  " 

3:26  30  " 

3:27  30  " 

72    " 

3:28  15  •' 

100    " 

3:29 

134.5  " 

3:30 

164 

3:30  45  " 

166    " 

3:31  30  " 

168    " 

3:32  30  " 

168 

3:33 

3:33  50  " 

85 

3:34  45  » 

50.5  " 

36.5 


37 


Pur( 


Propyl  Ale.  l/oX 


38 


Amount  pumped  in  5"  soc    Tomp.        Kind  of  blood. 

25.5  CO.  "         '67°  Propyl.  Ale  1/5^^ 


60.5  "  "  " 

82  "  "  " 

120  "  "  ;67.5 

143  "  " 

161  «•  "  " 

165  "  " 

164  "  "  " 


75.5 
45.5 
25 

49.5 

78 
110 
160 
159 
160 

60.5 
20 


Pure 


38  Propyl.  Ale.  l/s^ 


Pure 


39  Propyl.  Ale.  1/5;^ 


Time 
5:55 
3:55  30 
3:56  15 
3:57 
3:58 
3:59 
3:59  45 
4:    30 

4:01 

4:02 
4:03 
4:03  30 
4:04  15 
4:05 
4:06 


RESULT; 

At  36' 
"  37  ° 
"  38  ° 
"  39  ° 
"  40  "" 


Amoimt  pumpod  in  30  sec 
stopped    " 


30.5  C.C. 

58  " 

64  " 

91 

108  " 

145  " 

148  " 

149  " 
150 


30 


stopped' 


Heart  did 
not  recover 
under  pure 
blood 


Temp. 

39° 

tr 

39.5 


40 


40.5 


Kind  of  blood. 
Propyl.  Ale.  l/5^ 
Pure 


Propyl.  Ale.  l/5^ 


Pure 


fall  from   170    C.G.  to   105    C.C.or   red.  of   65    CC, 

"  "         168      "  "      85      "       "         "  "      33      " 

"  "         164       "  "       75.5"       "  "  "88       " 

"  "         160       "  "       30.5"       "  "  "      99.5" 


150 


30 


120 


In 

amount 

p\amped 
aroxmd 
in   30 


40 


The   average   reduction    calculated   froin    tii  o   first    three 
measurements    is   73.85    O.G.    in    60   seconds   at    57 

RESULTS   of   four   Experiments   vri  th    l/of*  Propyl.    Alcohol 

1.  May   ISth,    1886,    M.    1        79.       H.C.    reduction    at    57      in   50    sec^ 

2.  "  »>  ""  ir  80.85  "  ..  t,  »  «  «  u 
5.  "  20th,  "  "  I  80.16  "  «  "  "  "  "  " 
4.            "         "•                 "         "      II      78.85    "                        "         "       "         "       "         " 

4)518.82(79.705 

Total   average  reduction    effected   by    l/o/?  of  Propyl.    Al- 
cohol    in    defibrinated   calf's    l^lood.       (rosalt   of   foviv    experiments- 

79.705    C.C.    at    57^ 
in   amount   pumped   around   by    the   isolated   dog  lioart    in    50    seconds* 
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KXPERIivlFJJT   A.    n,    May   ISth,    138G.      Propyl.    Alcohol    l/5f»   in    defib- 
rinated   dog's    blood.         Isolation    completed   5:i5   P.M.  Heart  un- 

der   experimentation   45  min. 


Time  Amount   pumped   in    30    sec.         Temp.  Kind   of  blood. 

"  35'  Pure 


o5.5 


5:22 

190  0 

•  C 

5:23 

190.5 

" 

5:24 

190.5 

u 

5:25 

190 

II 

5:25  45  sec. 

191 

n 

5:26 

5:26  45  " 

^25 

5:27  30  " 

101 

ti 

5:28  15  " 

84.5 

n 

5:29 

60 

ti 

5:29  30  " 

5:30  15  " 

102 

u 

5:31 

142.5 

u 

5:32 

169 

n 

5:33 

184 

•• 

5:34 

185 

» 

5:34  30  " 

5:35  15  " 

100.5 

11 

5:36 

80 

u 

36  G  ,  H      0    1/5^ 


36.5 


37 


Pur* 


C.    H      0    1/5^ 


37.5 
42 


Amoun 

t   piimped   in   oO    sec 

Temp. 

Kind   of  blood 

40.5    C.C.     " 

37.5' 

C^    IK    0    1/5;^ 

sec. 

If 

Pure 

49  n  I.  ti                                                   tt 

86  "  «  «                                                   II 

145  "  "  38                                         « 

168  "  "  "                                          » 

181  »  ti  .1  n 

182  ti  B  ti  ■ 

"  "  38  G.  H   0  1/5^ 

90  "  "  "  Propyl.  Ale.  l/s^ 

60  »  "  "                » 

32  "  "  "                 " 


50    "  "  33.5 

84.5  "  "  " 

120.5  "  "  « 

164    "  "  " 

178  "  «  39 
180    "  "  " 

179  "  "  " 

n 

80    "  »  " 

50    "  "  " 


Pur( 


Propyl  Ale.  l/sfo 


Time    Amovrnt  p-umped  in  50  sec.    Temp.        Kind  of  blood. 

59.5'        Propyl  Ale.  1/5% 


5:56 

20  O.C. 

5:56 

30 

sec. 

5:57 

40 

« 

40.5  " 

5:58 

50 

II 

SO 

5:59 

110.5  " 

6: 

154    " 

g:oi 

101.5  " 

6:01 

35 

11 

162.5  " 

6:02 

15 

" 

162    " 

6:03 

6:05 

50 

II 

58    " 

6:04 

10 

11 

stopped 

6:04 

45 

" 

6:05 

45 

II 

10  n.o. 

6:07 

Heart  irreg- 
ular did  not 
recover  un- 
der pure 
blood. 

40 


40.5 


Pur 


Propyl.  Ale.  l/^fo 


Pure 


RESULTS:    Effects  of  l/5^  of  Propyl  Alcohol  on    the  isolated  dog 

heart  are  as  follows: 

At  36'  a  fall  from  191  O.C.  to  125  CC.    or  rod.  of  66  C.G. 
"  37'  "   "     "    1G5   "     "100.5  n    "    "    "   84.5  " 
"  38  '  "   "     "    182   "     "  90    "    "    »    "   92    " 

«     39         "  "  II  179         If  II     30  "  n  II  II         gg  If 

A  A 

"    40      "       "  "         162      "  ti    38         u         «         II         I.    12^         II 


After   the   last- measur  omen  t   at    40"^    the   heart   did   not   re- 
cover,   hence   it   is   not    taken   into   account    into   making;   out    the   aver- 
age  reduction   which    was   determined   from   the  measurements    at    56"   37 
and   38"  and   is    80,83    G.G.    reduction   in    amount   pumped   around   in    50 
seconds    at    37  '^   . 
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]:XPERIUF,MT,    N.    I,    I.lay    18th,    1:586.         Propyl    Alcohol    \/5%   G  _,    H      0. 
Dog  under   Morphine   and   Curare*         Dofibrinatcd   Gilf 's      blood  used. 
Heart    isolated   5:oO.         Remained   fcood   for   40  minutes • 


Time          Amount   pumped   in    30    sec         Temp.  Kind  of  blood. 

3:55  168      G.O.       "  36°  Pure 

3:56  168.5  "  "  "  «» 

3:57  170  "  "  "  '• 

3:57    40    sec.  170.5  "  »  «  « 

3:58  Propyl   l/5^ 

3:53   45    "  101  »  "  »  " 

3:59    30    •'  80  "  "  "  " 

4:         10    "  50  "  "  "  " 

4:01  Piire 

4:01    45    "  68  "  "  "  " 

4:02    20    "  85  n  "  »  n 

4:03  109.5  "  "  "  " 

4:04  160  »  "  36.5  " 

4:04    30    "  165  "  n  n  It 

4:05    15    ••  160  "  "  "  " 

4:06  166  "  "  37  " 

4:06    30    "  "  "  Propyl. 


4:07    15    "  86.5    " 
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Time     Amount  pumped  in  30  sec.   Temp 
50  O.G.    "         37° 
25.  S  " 


48  " 
G9  " 

102.5  " 
124 

149  " 

15G  " 

162  " 

1C4  " 

165  " 

76 

49  " 
30  " 

48 

75  » 

113  " 

132  " 

151.5  " 
159 


37 .  5 


38 


38.5 


Kind  of  blood. 
Propyl.  1/5."; 
It 

Pure 


Propyl  1/5^ 


Pure 
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Time  Amount   pumped   in    '60    see  Temp.  Kind   of  blood" 

4:21    4;3    sec.         160    0,C.       "  30. s"'  " 

4:22   30    "  161       "  "  39  " 

4:23    15    "  160      "  "  "  " 

4:24  Propyl    1/5^ 


Pure 


4:24 

45 

" 

62   " 

4:25 

30 

" 

30   " 

4:26 

4:27 

58   " 

4:27 

45 

u 

76   " 

4:2s 

30 

II 

120   " 

4:29 

30 

II 

130   " 

4:30 

15 

n 

131   " 

4:31 

130   " 

4:31 

30 

II 

4:32 

few  drops 
about  2  C.C. 
then  stopped 

4:33 

Heart  very 
irregular 
and  weak, 
Kymograph 
tracing 
very  faint- 
pure  blood 
turned  on, 
but  did  not 
recover  it. 

39.5 


40 


Propyl    l/5/S 


Pur( 
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It    is   probable   thit    the   tornperatui^e   of  40^   v;as    too   hi^^h 
the   last    time    tlie  propyl    alcohol   was    turned   on,    otherwise    the  heart 
would  not   have   ceased  pumping   around   so    suddenly. 

This    reduction   at    4   o'clock    32  min.    however   allov/s   us 
to    judco   of   the    effect   of  \/^%  propyl   alcoholized  blood  at   40 
which   accordin[^    to    the  measurement  m-ast    bo   about   123    C.G.    in   50 
seconds* 

Tlie  lieart  v/as   very  much    enlar.^ed,    all   over   it   were  scat- 
tered  dark   red   ecchymoses   varying;    from   size   of  a  pin  head   to    that 
of  a   pea.         A   stran^^e   observa-^,ion   v/as  made   during    this    experiment 
i.e.    the    left   ventricle   ceased   contractinr;   and    thie   right   ventricle 
continued   so    for    some  minutes   after   4t32  min.         The   lungs   were   very 
oedematous,       and  also    covered  wi  tiT    ecchymoses. 

RESULTS   of  \/o%  Propyl   Ale    blood   on   isolated   dog's   heart 
Klay   18  th,    1836. 

At    36'    a   fall    from   170.5   C.C.to    101    C.C.or   rod. of   68.5   C.G. in    30sec 

"    37'    "       "  "         1G6  "  "    80.5    "       "  "       "       79.5       "       "       "       " 

"    38"    "       "  "         165  "  "    76         "       "  "       "       89  "       "       "       " 

"    39  '    "       "  "         160  "         "    G2         "       "         "       "      98  "       "       "       " 

Average   from  measurements    at    36''    37  "and   38 '• 

Reduction   79    C.G.    in   30   sec    at   37  "  . 
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KXPEKIMENT   :.'.!,    May   20t]7,    1886  v.'ith   l/s;?  Propyl   Alcohol      in   C,   H^O 
defibrinated   calf's    blood.         Dog   under   Moriihinc   and   Curare.      Heart 
isolated   l:'60  P.JI.        I'eart   remained   good   for    '^-i  ■•■^"•. 


Time  Amount   pum.ped   in   30    sec         Temp.  Kind   of  blood. 

"  '65   5°  Pure 


i:34 

178  C 

.C 

i:55 

179 

i> 

i:36 

180 

II 

i:37 

ISO 

" 

1:37  30  sec 

i:38  15  " 

116 

" 

1:39 

84 

II 

1:39  30  " 

50 

II 

1:40 

1:40  45  " 

90 

II 

1:41  30  " 

120.5 

11 

l;42  45  " 

14G.5 

It 

1:43  30  " 

173 

II 

1:44 

17G 

" 

1:44  45  " 

178 

II 

1:45  30  " 

177 

" 

1146 

l;46  45  » 

92 

II 

3G  C,    H^  0    I/5X 


3G.5  ?nT( 


37 


Cj    H^  0    l/5fo 


50 


Time  Amount    pimiped    in    oO    sec 

1:47    30    sec.         60.5    " 


i:4;-3  30  " 

32 

1:49 

1:49  45  " 

58    " 

i:o0  30  " 

84.5  " 

1:01  15  " 

120 

1:52 

138 

i:52  45  " 

164 

1:53  30  " 

174 

1:54 

175 

i;54  45  " 

174    " 

i:56 

i:56  40  " 

32.5  " 

1:57  15 

50 

i:58 

21.5  " 

1:53  45  " 

stopped 

1:59 

2: 

56 

2:45 

33.5  " 

2:01  30  " 

110 

2:02  45  " 

136 

2:03 

168 

2:03  45  " 

169 

2:04  30  " 

168    " 

Ternp^ 

o 
37 


37.5 


38 


33.0 


39 


Kind   of  blood. 


Pure 


C,    II..    0  1/5^ 


Pur* 


Time  Amoimt   pumped   in   30    see         Temp.  Kind   of  blood. 

2:05  ^.    "^  °    l/^^ 

2:05   40    sec.  G8.5    C.C.     "  39°  " 

2:06    30    "  20         "  "  "  " 

2:07  stopped         "  "  " 

2:07   30    "  39.5  Pure 

2:08               Be,':an   again 
but   very   ir- 
regular  

did  not   re- 
cover per- 
fectly  under 
pure   blood. 

RESULTS    of    experiment   W-I   May   20th,    1886. 

In    experiment   M-    I    of  May   20th,    138G    the   follc.ving    ef- 
fects   of   1/5%  Propyl  Alcohol   are   noted   according    to    this    table. 
At    36'   a   fall    from   ISO    CO.    to    116   C.C.    or   red.    of   G4   G.C.in   30s oc 
"    37'     "       "  "         177      "  "      92      "         "         "         "      85      "       "         "       " 

"    38       "       "  "         174       "  "      82.5"  "  "  "      91.5"       "  "       " 

"    39      "       "  "         168      "  "      68.5"         "         "         "      99.5"       "         "       " 

After   Propyl   Alcohol   T^as    turned   on   at    39°    the   I ;  cart    be- 
came  arythmical   and  pumped   around    so   v/oakly    th^t    experiment   was 
discontinued. 

Average    taken    from   the   first    t'lree  measurements. 
Reduction    80.16   0.0.    at    37''    in   30   sec. 

Koart    stopped   in    Diistole   very   much    swollen   and    protrud- 
ing   from   a   r^nt    in    the   pericardium. 
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Heart   and    lun^s    covorod   :ai    over   ivi  t!i    occhymoses,    which 
were   apparent    also    on    cuttiiTr    into    those    orr^ans. 


rXPERIMFJNiT   M.I   May   24th,    13SG.      Isobu^yl   Alcoliol    C^    H  ,   0    l/o/-   in 
defibriiiatod   calf's    blood.         Do;r   under  Morphine   and   Curare. 
Heart    isolated  2.8  P.M.    ro'^iained   f';ood   for    50  nin . 


Time 

Amoun  t 

pumped  in  5 

2:10 

19G  C.C.   " 

2;iO  50 

sec. 

197   " 

2:11 

198   " 

2:11  50 

" 

197   "     " 

2:12 

2:12  45 

" 

45   " 

2:13  50 

II 

5   " 

2:15  40 

" 

stopped    " 

2:14 

2:14  45 

II 

24.5" 

2:15  50 

ti 

73   "     " 

2:16  15 

" 

122   " 

2:17  10 

" 

153.5"     " 

2:13 

179   " 

2:18  40 

" 

195   " 

2:19  15 

" 

194   " 

2:19  45 

2:20  50 

" 

52.5" 

2:21 

5   "     " 

50  sec. 


Temp. 
55.5 


56 


'66.5 


57 


Kind  of  blood. 
Pure 


Butyl  Ale.  1/5;^ 


Pure 


Butyl  Ale.  1/5;^ 
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•Time 

Amount   purnpod 

2^21 

10 

sec 

stopped 

2:21 

45 

II 

2:22 

30 

11 

41.5    C. 

2:23 

;';0 

" 

85 

2:24 

30 

" 

140.5    " 

2:25 

30 

" 

186 

2:26 

30 

" 

194.5    " 

2:27 

15 

" 

192.5    " 

2:27 

45 

" 

2:28 

30 

" 

21          " 

2:29 

stopped 

2:29 

40 

11 

2:30 

30 

" 

35    C.C. 

2:31 

30 

68.5    " 

2:32 

30 

" 

97.5    " 

2:33 

30 

" 

129         " 

2:35 

136 

2:36 

186 

2:36 

15 

" 

2:37 

a 

few  drops 

about   2   O.C. 

Temp. 

37 

37.5 


38 


38.5 


39 


Kiiid   of  blood. 
Butyl    Ale.    1/5; 
Pure 


Butyl   A;c.    1/5;^ 


Pure 


Butyl    Ale.    1/5% 


2:37   10        then    stopped 
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Time  Amount   punipod   in    30    Rec         Temp.  Kind  of   blood. 

2:37   40    sec.  Pure 

2:3s  heart    did 

not   be":in    to 
pmnp   around 
attain  under 
pure   blood. 

RESULTS    of   1/5;^'   solution    of  primary    Isobutyl    Alcohol   in 

dcfibrinated   calf's    blood   on    isolated   do^-^   heart. 

At    3G^    a   fall    from   197    CO. to      45   CO.    or   red. of  152    0.0.in30    sec 

»      .^rj         ..  1.  H  ]_g4         ir  "32-5         "  "  "  "161.5         "  "      "  " 

ir    53^     ir       II  II       192.5    "  "      21       "  "  "       "171.5       "       "     "  " 

„     3g         „         „  „  ^QQ     «  11  2         "  "  "         "180  "         "      " 

After    the   last  moasurcm.ont   at    39'   tlio   heart    did  not   re- 
cover. 

in   30" 
Averar:;e   161.  (j"6    C.C.    at    37  °^( taken  from    Tirst    three  meas- 

uro'^^'^r.ts  )  •  In    the    experir-^ents   '.Ti  tl:   Butyl    and  Amyl   Alcohols  measure- 
ments  were   taken   as    often    as    possible* 

Four   lar;;3e  graduated  ftlassos   were   placed   in    a  row  next 
to    the   outflow  tube    wbiicki   was    bent   like   a  hook.         As    sooji   as    thir- 
ty  seconds   wore   counted   durinr^  vz-hicl':    Ijlood   was  measured   into    one 
graduate,    wit"    t^-:  e   31st    second,    the   ^lass,     (bent    end)    of   the   out- 
flow tube   was   hooked   over   another    empty   graduate   while    tlie    first 
was   noted   and    emptied   back    into    supply    b.ottle   and   so    on   with    the 
3rd  and   4th    graduate*       By    th.o   time   tlie   fourth   was   usnd,    the   first 
graduate  v/as   again  ready   for  measuring. 
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May   ^_4th.,    1336    ,    I_  Exp  prim  on  t. 

lioart  and  lunr;s  covored  v/i  th  ecchymoscs  tlio  size  of  a 
lavr,r;   poa.         Liinr;s   very    oedematous. 

Left  ventricle  at  end  of  experiment  ceased  beatinp;  be- 
fore  the   rirht' 
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EXP  ER  If  WIT.    No.    ir.         May    2AV  ,    183G.       Isobutyl   Alcohol    l/sfo   in 

defibririated    calf's    blond.  iie'irt   isolated   5:15   r.!,l.    and  remained 

under    ox})  eri;^iontation    for  35   minutes. 

Time          Amount   pump  od   in    3U  sec         Torap.  Kind   of  blood. 

3118                         189    C.C.         "  35.°  Pure 

3: 18   45    sec.       191.5    "            "  "  " 

3: 19    30         "         193.5    "            "  "  " 

3:20   20         "         195         "            "  35.5  " 

3:20    45         "  "  Butyl   Ale.    1/5;? 

3:21    30         "           45         "            "  "  " 

3:22                              15         "            "  "  •• 

3:22   20        "           Stopped         "  36  " 

3:22   45        "  «  Pure 

3:23   20         "           40    C.C.  "  M 

3:24                            92         "            "  "  " 

3:25                          149         "            "  36.5  " 

3:26                          190         "            "  "  w 

3126    30         "         193         "            "  "  " 

3:27                          194         "            "  "  " 

3:27   30         "  57  Butyl   Ale.    l/5^ 

3:28    15         "            34         "            "  "  " 

3:28   45         "              2         "            "  "  « 

3:29                             stopped         "  "  " 

3:29      15                "  TT  p^^g 
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Time 

Amount  pumped  in 

30  sec 

Temp. 

Kind  of  blood 

3:29  50 

sec. 

48  n.C. 

II 

37. 

s*" 

Pufe 

'61'60 

85.5  " 

» 

" 

II 

3:30  40 

n 

124    " 

ft 

II 

n 

3:31  30 

" 

142.5  " 

" 

" 

w 

3:32  15 

•' 

168 

ti 

II 

H 

3:33 

186 

" 

•• 

II 

3:34 

ir.9.5  " 

38 

It 

3:34  40 

" 

190    " 

II 

» 

3:35  15 

" 

190    " 

38 

It 

3:36 

189.5  " 

38. 

" 

3:36  45 

ti 

139    " 

38. 

5 

11 

3:37  30 

" 

190 

" 

w 

3:38  10 

" 

ti 

Butyl  Ale.  1/ 

3:38  20 

II 

18    " 

" 

" 

11 

3:38  45 

" 

stopped 

" 

" 

II 

3:39  30 

" 

n 

Pure 

3:40  30 

" 

20  CC. 

II 

39 

II 

3:41  30 

" 

46    " 

11 

" 

II 

3:42  15 

" 

89    " 

» 

» 

II 

3:42  48 

" 

121.5  " 

II 

u 

" 

3:43  20 

II 

169    " 

" 

u 

11 

3 :  44 

182.5  " 

If 

I. 

„ 

59 


Time    Amount  pinipod  in  '60    see    Temp.        Kind  of  blood. 

3:45  185  O.C.    "         59.5°  P-ure 

3:45  30  see.   18G    "     "  "  " 

3:4G  "  3utyl  Ale.  l/5/^ 

about 
3:46  10    "     1     "     "  "  " 

3:46  3S    "     stopped  "          "  " 

3:47  15    "                        40  Pure 

3:48  15 

3:4s  30    "     20    "  "          "  " 

3:49            12  "          "  " 

Kymograph 
tracing 

feeble 

heart  very 
irregular. 

RESULTS  of  action  of  l/S/^  Isobutyl  Alcoliol  en  isolated 

heart. 

At  35.5''  a  fall  from  195  G.C.to  45  CO. or  red  of  150  C.C.   )   In 

jamoruit 

"  57"    "    "     "   194   "    "  34   "    "    "   "  IGO   "     ) pumped 

)  around 

"  3^.5'  "    "     "   190   "    "  18   "    "    "   "  172   "     )  in  30 

) seconds 

"  39.5'  "    "     "   18G   "    "   1   "    "    "   "  135   "     ) 

AvGrar;o   reduction    160. GC   0.0.    in    30    sec    at    67/^    (taken 
from   first    tliree  m.easuremonts  ) . 
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FZPERIMENT  May   J35th,    18S6.         Isobutyl   Alcohol   l/d'X   in    dof ibrinatod 
Dor's    blood.         Dof^  under   Morphine   ajid   Curare.        Heart    isolated 
2:24  P.M.         Remained   r^ood   for    ^S2.  minutes. 


Time 

2:2G 

2:26    45    sec 

2:27    30         " 

2:28   15         " 

2:28   45         " 

2:29    oO 

2:30 

2:30    5 

2:30    3  5         " 

2:31   40 

2:32    30 

2:33 

2:34 

2:35 

2:36 

2:36    40         " 

2:37 

2:37    40         " 

2:38   10         " 


Amount   pumped   in   30    sec 

184  c.c;.     " 

185  "  " 

186  " 
186.5"  " 


32.5" 
5         " 
stopped 


48 

76.5 

98 
134.5 
180.5 
184.5 
186 


24       " 

stopped 


T  omp . 
35.5 


36 


36    5 


37 


Kind   of   blood 
Pure 


Butyl    Ale.    1/570 


Pure   blood' 


Butyl    Ale.    l/c 


Time 

Amomit   p'cmiped   in 

30    se 

3.         Temp. 

K'ind   of  blood 

2:38   40 

s 

_^c  • 

Pure 

2:39    50 

II 

36,5    C.C. 

II 

37. 

5^ 

II 

2:40 

69         " 

II 

" 

II 

2:41 

98.5    " 

" 

" 

" 

2:42 

126 

II 

" 

" 

2:43 

172         " 

" 

" 

" 

2:44 

132 

" 

II 

II 

2:44   45 
2:45    3  0 
2:40 

It 

184 

184 

" 

38 
II 

« 

Butyl   Ale.    1/ 

2:46    40 

" 

135 

" 

II 

11 

2:4G    45 

II 

stopped 

" 

" 

» 

2:47 

Pure 

2:48   40 

" 

42         " 

II 

II 

II 

2:49    30 

II 

84.5    " 

» 

38 

5 

II 

2:51 

114 

" 

" 

11 

2:52 

136.5    " 

" 

" 

II 

2:53 

166         " 

-' 

II 

II 

2:54 

180.5    " 

II 

II 

II 

2:55 

181.5    " 

" 

39 

II 

2:55  40 

" 

183. 5    " 

" 

" 

II 

2:56    15 

11 

184 

" 

11 

11 

2:56    30 

H 

Butvl   Ale.    1/ 
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Tin:e  Air.ormt   p-urr.ped  in  30    sec.        Tciv.p 


2:57  Heart    stop- 

ped 30    sec- 
onds  after 
tlie   dru£;;  vrai 
tniTicd  on. 


2:57    30    sec. 


2:58 


began  puir.ping  - 
arotjnd  again 
but    very  ir- 
regular,   heart 
did  not  make 
a  perfect    re- 
covery under 
pure  blood. 


39.5 


Kind   of  blood. 
Butyl   Ale.    \/5% 


Pure 


In 
30 
icconds 


results: 

At    36   a   fall    from    186.5    0.0. to    32.5    C.C.or   Ked.of   154    0.0, 
"    37    "       "  "         186  "       "      24  "       "       "         "    162      " 

"    38    "       "  "         184  "       "      13.5         "       "       "         "    170.5" 

11    39    I.       ,1  ,.         284  "       "         0  "       "       "         "    184 

Average   dravm  fron:   first   tb-ree  measux'Cir.ents* 

162.166   O.G.    in   30    seconds    at    37      , 

l.:ay  26th,    1886. 

The   dog  used  to-day  and  those  used  yesterday   did  not 

differ  in  wei'":]it   more   th.an  100    GraiT.s,    still    th^e   results   of  th.e   expe 

rim.ents   differ   considerably. 

^he  older  tlie   dog  tlie  better  does   the  h. eart    stand  the   experim.ent, Young 
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dons    of  lart^e   size   will   not    stand   tlio   operation    as   v/oll    as    old   dor';s 
of   smaller    size* 

In    the    oxporitnent    on   May   25th,    18SG    tlie   lun^s    !jGca''nc 
very   o edematous   and   covered   with    lar.^e    ecchymosos,    internal 
hemorrha^^es   had   taken   place   into    the  alveoli    of   the   lim,';^,    clo.";p;ing 
up    the   capillary   bronchial   tubes   v/i  tli    blood,    mucus    and   froth. 

heart   also    covered  with    ecchymoses* 

Results   of   three    experime.its    v/ith    l/nri   Butyl  (iso)    alcohol 

Hay   24th,    M.I      161.66    O.G.    reduction   at    61°  in    30   sec. 

"       "  N.II    160.66      "  "  "       "         "         "       " 

"    25  162.166    "  "  "       "         "         "       " 

3)484.436(161.495    G .  G.roduc  tion   at    37  ''  in    30    sec 
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EXPERIMFJ>IT  May   26th,    138G.         Isobutyl   Alcohol    l/lO/t   in   defibrinatod 
Calf's    blood.         Do-  under   Morphino   a-id   Gurare»         i^eart   isolated 
at   2C15   P.M.         Rer^-ained  ,f:;ood   for   4'>  min.. 


Time  Amount   pumped   in    30    sec.         Tem.p.  Kind  of  blood< 

2: 18  174      CO.       "  35°  Pure 

2: 18    45      sec.    175         "  "  "  " 


2:19  15 

tl 

17G 

II 

2:20 

178 

" 

2:20  30 

178.5 

2:21 

2:21  40 

" 

119 

2:22  30 

" 

89 

2;23 

42.5 

2:23  30 

" 

2:24  15 

" 

90 

2125 

100.5 

2:20 

171 

2:27 

174.5 

2:28 

177 

2:29 

177 

2:29  30 

" 

2:30  10 

1! 

102 

" 

2:31 

G4.5 

" 

35.5 


3G 


Butyl   Ale.    1/10;^' 


Pur; 


Eutyl   Ale.    1/10;? 


Time 

Atnoun 

t   pumpocl    in    3 

2:31    40 

snc. 

35  r,.c. 

" 

2:52   20 

" 

2:'6'6 

55 

2:34 

102.5    " 

2:35 

143 

2:36 

170 

2:37 

174 

2:3s 

175 

2:39 

175.5    " 

2:59    30 

It 

2:40    15 

" 

95         " 

2:41 

40 

2:41    30 

" 

2:42    40 

II 

84.5    " 

2:43    30 

120 

2:44 

141 

2:45 

168.5    " 

2:46 

173         " 

2:47 

174 

2:47    30 

174 

2:48 

2:43    45 

" 

89.5    " 

II 

2:49   20 

« 

40.5    " 

II 

I  ninp . 
i6.5' 


37 


37.5 


38 


Kind   of   blood. 
Butyl    Ale.    1/1 0^2 

Pure 


Butyl  Ale.    1/10^0 


Pur  ( 


Butyl   Ale. 
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Time 

Amoun 

t  pumped  in 

'60    se 

2:50 

2:51 

74  O.C. 

ir 

2:52 

110 

" 

2:53 

156    " 

II 

2:54 

164 

" 

2:55 

170    " 

" 

2:5G 

169.5  " 

II 

2:56 

50 

sec. 

" 

2:57 

10 

11 

68 

II 

.  omp. 


'63.  5 
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Kind   of   blood. 
Pure 


Biityl   Ale.    l/lO/^ 


:58 


heart    sto];pGd 


2:58.15   sec.    Kyraof';rapji 
out   order 


Pure 


o 

58 

60  CO. 

2 

59 

30 

98.5  " 

3 

110 

3 

04 

An  accidont 
to  the  Kymo- 
graph forced 
interruption 
to  experi- 
ment. 

40 
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.  c. 

or 

red 

of    59.5 

CO. 

" 

" 

•• 

"       75 

" 

)       In 

II 

ti 

II 

"      SO.  5 
"       34.5 
"    101.5 

11 

) 
J 

1      30 

lsocc)r:ds 

Result    of  ExForimont  May   2Uth,    188G,    Isobutyl  Alcohol   l/lO;? 
At    ■65"   a    fall    from    17C.5    O.G.to    199-0, 

„    3qO    .,       V  u         177  ti         I.    102 

„    27  -    11       1-  ..         175.5       "  "       95 

„    3g  :    u        n  .1  174  "  "       89.5' 

"    39  '   "       "  "         169.5      "         "      GS      " 

Tliese  are    effects   of  l/lOfo   Isobutyl  Alcoliol,    the  average 
reduction    taken    from    the   throe  iTio^-surcmon ts    at    36°    ,    37''  38   is 
80    G.C.    at    37"  in    30". 

If  vrc  could    jud.^o   of   the    effect    of   l,lO/b   Isobutyl    Alcohol 
in    defibrinatcd  calf's    blood,    by   doubling    tl:is   result   vsre   should 
have   160   0.0.    at    37°  in    30". 

The   animal  used   in    the    experiment   on   May   £6tii   was    of   same 
size   and   apparently   a,";e,    as    tl-e   one  used   on    tl-;e   day   before,     'is    it 
was    brou.-ht    from   a   farm  w'  ere   it   vras   raised  with   ot'iors    of   the 
same    litter*         Tliis    dog   was    1 ,  l/2   3  b.    heavier    tlian    the  one   used   on 
•  the   previous    day    (May   25tii),    still    tlio   average  reduction   in    the 
amount    iximped   arouiid   at    37"  under   Isobutyl   Alcohol    l/lO   differs 
from,   that   reduction   observed   on  I'lay   26th,    1836.         Th;e    ;  erccn.taqc   on 
that,    clay   was    l/o   Isobutyl   vro  v;ould  presume    that    t.' :  e    effect   observed 
was    tvy-ice   as    c^eat   as    ;i)  o-,m    by   l/lO/i  May   26th.         But   although    the 
dog   vms   lighter    the   effect   was   greater. 


The   average   on   May   2Gth,    being  IGO.  CO.    at    '67      in   oO   sec 

"  "  "       "       2:1  "  16^:!.1G6       "  "       "  "       "  " 

"  "  "       "       2A,;i.I       "  IGl.     CQ       "  "       "  "       "  " 

"  "  "       "       24,n.II    "  IGO.    GC       "  "       "  "       "  " 

4)G44.4Se(lG1.121    C.C. 
Average   of   four    exporirnont^    v/ith    Isobiit?/!   Alcohol    1G1.121C.C.    re- 
duction. 

Average   reduction    in    throe    oxr-eriinents   with   1/5%  Isobutyl 
Alcohol    1G1.495    C.C.    at    37'  in    oO    " 
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EXPERIMETJT  N.TI  June  4th,  13li6.  Amyl  Alccliol  l/lO;^  in  defibrina- 
tcd  dog's  blood.  Animal  under  Morj)hinc  and  O-uraro.  Heart  under 
experirnontation    for    54  min? 


'i'ime          Amount   pumped    in  .30  sec         Temp.  Kind   of  blood. 

3:31                          204    G.C.  "  39.5°                           Pure 

5:31    4!^                   il05         "  "  "                                            " 

3:52    30    sec.       V.05.D    "  "  39                                         " 

3:33  "  Amjl    Ale.    l/lO^ 


Pu: 


3:33 

45 

ir 

5 

5 :  54 

30 

" 

3:35 

49 

3:3G 

153 

5:37 

194 

3 :  38 

203 

3:39 

204 

3:39 

30 

ir 

3:40 

15 

II 

24.5 

5 :  41 

3:42 

68 

5:43 

124.5 

3:44 

169 

3:45 

198.5 

5:46 

202 

38 


37    5 


37 


Amyl    I/1O/I 


^ure 
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'"ime          Amount  pLimped   in    30    sec 

Temp. 

Kind   of  blood. 

5;47                          203    C.C. 

37" 

Pure 

3:47   60   sec. 

Amyl   Ale.    l/lO;^ 

3:48  20         "           45 

" 

» 

3:48 

20 

ir 

45        " 

3:49 

3:50 

93.5    " 

3:51 

148         " 

3:52 

196.5    " 

3:53 

200 

3:54 

201 

3:54 

20 

" 

3:55 

62 

3:55 

45 

5 

3:56 

heart   ir- 

IV 

jgiilar 

3:56 

30 

« 

3:57 

30 

3:58 

98.5    " 

3:59 

148 

4: 

190 

4:01 

192 

4:01 

30 

u 

4:02 

70 

4:02 

45 

.. 

4 

heart   irreg' 

ular. 

35 


Pur( 


36  • 

36  Amyl.  Ale.  l/lOX 


Pur« 


Amyl  Ale.  l/lOf» 
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Time  Amount   pumped   in    ^0    sec         Temp.  Kind  of  blood. 

4:03  stopped  Amyl   Ale.    l/lOX 

4:03   45   sec.  Pure 

4:05  heart   did 

not   recover 
under  pure 
blood. 

In    this    experiment    the   temperature   v/as    intentionally  made 
high  at   tiie   beginning  and  f^raduilly   lowered  as   the   experiment  pro- 
gressed. 
RESULTS,    on   isolated  dog's   heart   of   l/lO;2  Amyl   Alcohol. 

At    39      a   fall    from  205.5   G.G. to    5      C.C.    or   red.    of  200.5C.G.)      In 

) 
"    38      *       «  "        204  "         "24.5   »         »         "         "      179.5      "    ) Amount 

) 
"    37      "       "  "        203  "         "45        «         «         "         t.      153  »    )pumped 

) 
"    36      "      "  «        201  ••         "62        "         "         "         "      139  "    )in   30 

) 
"35      "       »  192  t,         070         "         "         "         "      122  "    )sec. 

Notice  as  the  temperature  decreases  the  effect  of  the 
Alcohol   decreases    . 

Average  reduction  153.83  C.C.  at  37'  in  amount  pumped 
around  in    30   sec« 
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EXPERIME'IT,    May   27th,    188G.         Amyl   Alcohol   l/lOX  in   defibrinated 
dog's   blood,        Animal  under  Morphine  and   Curare-         Isolation   com- 
pleted 2:25  P.M.      Heart   under    experiment- 


Time 

Amou 

nt  pumped  in    30   sec 

Temp. 

2:28 

208   O.C. 

M 

35' 

2:29 

207 

•• 

« 

2:30 

207.5    " 

II 

n 

2:31 

208         » 

B 

36 

2:31 

30 

sec. 

t! 

2:32 

20 

n 

68 

It 

»» 

2:33 

" 

2:34 

94         " 

n 

36.5 

2:36 

143         " 

w 

It 

2:38 

192         " 

" 

" 

2:40 

206 

II 

tf 

2:41 

207 

II 

37 

2:41 

25 

" 

n 

2:42 

48 

" 

It 

2:42 

oO 

« 

2:44 

91.5    " 

" 

" 

2:46 

144 

11 

37.5 

2:48 

I9;j       " 

II 

II 

2:50 

207       " 

n 

n 

2:50 

30 

FCind  of  blood 
Pure 


Amyl   Ale.    l/lO^ 


Pur( 


Amyl   Ale.    l/lO;? 


Pur( 


Amyl  Ale.    l/lO^ 
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Time    Amount  pumrod  in  '60   sec.    Temp.        Kind  of  blood. 

2:51  20  soc.    26  C.C.    "  38°  Ar.=;/1  Ale.  l/lO,%' 

2:52  Pure 

2:54  89.5  "  "  "  " 

2:56  129    "  "  "  » 

2:58  193    "  "  38.5  » 

2:59  206    «  .1  tt  w 

3  205.5  "  "  "  " 

20    "  Amyl   Mc  l/lO^ 

3:04  10    "      5    "  "  39  " 

3:04  35   •'  Pure 

5:05  40    "     61    »  "  "  " 

3:06  40    "     79    "  "  "  " 

3:09  139    "  «  «  » 

3:10  198    «  "  39.5  '    " 

3:11  197    ..  n  It  » 

3:12  197    »  »  u  It 

3:12  20  «  Amyl  Ale.  l/lOf. 

3:13      stopped  40  » 

pvunping. 

3:13  30   heart  very  Pure 

irregular 

3:14  did  not  re- 
cover under 
pure  blood. 
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RESULTS : 

l/lO;t  of  AmyloxyhydratG  in  this  exporiraont  produced  the 
follov/ing  reductions  in  the  amounts  pumped  around  by  an  isolated 
dog  heart    in    30   sec. 

At   36  "  a   fall    from  208   CO.  to    68   C.G.or   red.    of   140    CO. 

II    37''    V      II  «        207      "         "    48      "      "         "         "      159      " 

"    38'    "       "  "        207      "         "    29      "      "         "         "      178      " 

"    39'   "       "  "         205.  S"         "       5      «•       "         »         "      200.5" 

Average  reduction   159   CO.    at   37'' 

This    in    the    only    experiment   in   which   Amyl   Alcohol   vras    sue 
cessfully   turned  on   at   39^   ,    its    effect   at   that   temperature  seems 
to    be   about   200    CO.    reduction   in    the   amount   pumped   around  in   30 
seconds. 
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EXPERIMWIT  N.I    June   3rd,    188G.    Amyl   Alcohol   l/lO;^   in   defibrinated 
calf's    blood.         Dog     under  Morphine   and   Curare.      Isolation    com- 
pleted  1:40   P.M.      Heart   lived  26  rain.    30    sec. 




.,-. 



'"■ 

Time 

Amount  pumped  in 

30    sec. 

Temp. 

Kind  of  blood. 

1:45 

193    G.C. 

II 

35^ 

5' 

Pure 

1:46 

194 

n 

II 

1:46    30 

sec. 

194         " 

II 

" 

1:47    15 

It 

193.5    " 

II 

36 

1:48 

Amyl   Ale.    I/K 

1:48    45 

ti 

43         " 

" 

1:49    15 

tr 

stopped 

36. 

5 

1:49    45 

II 

Pure 

1:50    30 

" 

83         " 

" 

i:5i 

111         " 

It 

1:52 

182.5    " 

II 

1:52    30 

" 

184 

" 

1:53    15 

" 

lo4.5    " 

11 

37 

1:53    45 

" 

Amyl   Ale.    I/K 

1:54    30 

If 

25         " 

" 

1:55 

stopped 

» 

37. 

,  5 

1:55    30 

Pure 

i:56    15 

" 

20 

» 

1:57 

94.5    » 

II 

1:57    45 

124         " 

II 

Time 

Amount  pitmp 

od   in 

30    see 

;.         Temp. 

i:5S   30 

see. 

131    C 

.C. 

" 

37 . 5 

1:59    15 

11 

182 

n 

« 

" 

2: 

182.5 

" 

II 

38 

2:          30 

11 

182 

" 

" 

n 

2:01    15 

" 

w 

2; 02    30 

"      a   few 
drops   about 
1    CO. 

■ 

II 

2:02   40 

sto 

pped 

w 

2:03 

w 

2:03    45 

11 

10 

« 

38.5 

2:04    30 

V 

O/t 

II 

n 

2:05    15 

" 

49 

II 

" 

2:06 

98 

" 

" 

2:06    35 

tl 

120 

n 

" 

2:07 

124 

n 

39 

2:07    30 

174 

H 

" 

2:08 

180 

If 

" 

2:08   30 

If 

180 

n 

II 

2:09    30 

M 

It 

2:10 

sto 

pped 

n 

39.5 

2:10    45 

n 

ir 

V 

2:11    30 

began  again 
but  very   ir- 
regular  and 
■weak. 

M 

Kind  of  blood. 
Pure 


Amyl  Ale.  l/lO; 


Pure 


Amyl.  Ale.  l/lO,t 


Pure 
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Notet        Heart   and  lungs    coverod  v/ith   large   ccchyraoses. 

Measurements    vfere   taken    very  nearly   once   in    '60   seconds* 

RESULTS : 

At    36"  a   fall    from   193.5   G.G.to    43   G.C.    or   red.    of  150.5   C.G. 
II    37       «       II  «         184.5    "  "      25      "  "  "  "       159.5       » 

II    53      11       II  »         3^g2         ti         II         1       ti         .1         II         II      3^31  n 

This   gives   an   average  of  163. 3G6   rediiction   at    37  '     in 
the   amount   pumped  around   in    30   seconds.         The   last  measuronent  un- 
der  Arayl.    Alcohol    taken    at   2   o'clock   9  rain,    and   50    seconds,    is   not 
reliable,    because  as    the   drug  produced  a  reduction  of  181   C.G.    at 
38'   it   would  Certainly   from  what   wo  knoAv  have  had  a  greater    effect 
than   180   G.C.    at   39.5°    Moreover   the  heart   did  not   in   the  latter 
case  make  a  recovery* 
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EXPERII,!ETTT   N.II,    June      3rd,    1886.        Air.yl   Alcoliol    l/lO^.         Dcflbrina- 
ted   calf's  blood  used.        T)or:   i-inder  Morplilne   and  Curare.      Heart    iso- 
lated  0.15  P.    M,    rerr.ained  good  for  31   rr.in. 


Time  Arr.oitrit    piiir.ped   in   30    sgg.         Torr.p,  Kind   of  blood. 

36""  Pure 


3:20 

198  C.G. 

3 :  20 

3P) 

sec. 

199   " 

3 :  21 

15 

It 

I'-'S   " 

3:21 

45 

3 :  22 

30 

48.5" 

3 :  22 

45 

stopped 

3 :  23 

3:23 

45 

40.5" 

3:24 

30 

89   " 

3:25 

15 

125   " 

3:26 

142   " 

3:26 

40 

183.5" 

3:27 

15 

192   " 

3:28 

193   " 

3:29 

35 

3:30 

10 

30   " 

3:30 

40 

stopped 

3:31 

30 

3:32 

15 

.. 

38  CO. 

36.5 


37 


AiT.yl    Ale    1/LOX 


Pure 


Arcyl   1/1 0; 


Pure 
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Tin:e  Air.otmt    p-uir.pGd  in  50    sec.         Ten:p.  Kind   of  blood. 

3:33  50    CO.  "  37.5°  Pure 

3:33    45  see.  92 

3:34   15  "  104.5    "  "  "  " 

3:35  124.5    "  " 

3:30    45  "  148         "  "  "  " 

3:37    30  "  180.5    "  "  38  " 

3:38   25  "  18P         "  "  "  " 

3:40  100         "  "  "  " 

5:40    45  "  189         "  "  "  " 

3:41    30  "  .\iT.yl    Ale.    l/lO/'^J 

3:42   15  "  10         "  "  38  " 

3:42   50  "  stopped  "  "  " 

3:45   30  "  38. 5  Pure 

3:44  20         "  "  "  " 

3 : 44  45  "  38       "  "  "  " 

3:45    30  "  49.5    "  "  "  " 

3:46   15  "  104         "  "  "  " 

3:47  118         "  »  39  " 

3:47    45  "  124         "  "  "  " 

3:48   30  "  148         "  "  "  " 

3:49    15  "  168         "  "  "  « 

3:50  ISO          "  "  "  " 

3:50    30  "  "  "  Air:yl    Ale.    l/lOX 
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Tir.-.e  An:ount .  piTJr.]- ed   in   30    soc.         Tcrnp.  Kind   of  blood. 

3:51    15    sec.    0    or  1    G.G.  S9  A-nyl    alcohol   1-10^ 

heart   pirnped 
aroimd  a  few 
drops   and  then 
ceased  beat- 
ing »    piire  blood 
v/as   tnmod   on 
bnt    did  not    re- 
cover it. 

L-.Tj-ix^s   very   oedeir.atous,    Iieart    and  lungs    covered  vdth.  large 
ecchyir.oses  all    over. 

In   thas    ex]Terin'.ent   l/lO   of  Air.yl   alcohol    in   defibrlnated 

calf's   blood  affected  th.e   isolated   dog's  heart    in  th-e   follovring 

rr.anner: 

A   fall    from  190   CO.    to    4S.5    0.0. or   red. of  149.5    0.0. at    36°    )    In 

) 

II       I.  u         193       t.  I,    30  "       "  "       "      163  "       "       37'    )    30 

) 

.1       ,.         „         289      "  "    10  "       "         "       "      179  "       "      38°    )soc. 

Tliis  gives  an  avera/;e  redi.iction  of  165.83  G.C,  at  37°  in 
30  sec.  jndg-'ng  of  effect  of  1/5^  Arr.yl  alcoholized  blood  frorr.  that 
of  l/lOf^  by  doubling  above  result  one  obtains  the  follov/ing  327.66 
0.0.    reduction   in   30    secoiids   at    37  ""'  • 
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EXPERIMSTTT  June  4t]i,  1880  Air.yl  alcohol  l/lO^  in  dofi  brinated  doe' 
blood.  Ani;r.al  iiiidGr  I'orpliine  and  CLirare.  Heart  isolated  1:54  P. 
under   G:q5er-i.!r.Gntation  30   minutes. 


Tin-.e 

Air.ount   prLT.ped  in   30    sec. 

T  eir.p  . 

Kind   of  blood. 

2 

•       196   O.G. 

35.5° 

Pure 

2:01 

197         "            " 

" 

" 

2:02 

198 

36 

II 

2: 03 

198.5    "            " 

.1 

.1 

2:03   30  sec.  Air.yl   Ale.    l/lO;; 

2:04  59  "  "  "  " 

2:04    30  "  "  Pure 

2:05    30  "         112  "  "  36.5  " 

2:06    30  "         174  "  "  "  " 

2:08  194  "  "  "  " 

2:09  198  "  "  "  " 

2:10  198  "  "  37  " 

2:10    15  "  Aiv.yl    Ale.    1/1 0;b 

2:11  37  "  "  "  " 

2:11   30  "  Pure 

2:12   30  "            65  "  "  "  " 

2:14  124  "  "  37.5  " 

2:15  186  "  "  "  " 

2:10  196.5  "  "  "  " 


TiiT.e 
2:17 
2:17 
2:18 
p*  I  a 


An: 0 Lint    piiir.ped  in   30    sec.         Ten:p. 
197    G.G.  "  38° 

30    sec. 
15         "  18 


38.5 


2:20 

59 

2:21 

140          " 

0  •  00 

182.5    " 

2:23 

196         "            " 

2124 

190. 5    " 

2:24 

20 

II 

2:25 

a 

few  drops           " 

tl 

.on   stopped 

20 


2 

26 

40    C,C, 

2 

27 

89         " 

2 

29 

180 

2 

29 

45 

186 

2 

30 

137 

0 

30 

20 

2 

31: 

hea 
ped 

rt    stop- 
pmr-ping 

around. 

2 

31 

40 

Did 

210 1    re- 

cover  nnder 

■pnv 

3   blood 

39.5 


Kind   of  blood. 

Pure 
Aii-.yl   Ale.    1/1 0;:^ 
II 

Pit  re 


Arr.yl   Ale.    l/lO; 


Pure 


/ur.yl    1/10^ 


Pure 
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RESULTS    of  -Air.yl    alcohol   l/lOX  in   dofibrinatecl   dog's   blood. 

At    Z6\   fall    froiT.   19S.5    CO, to    59    H.G.or   red. of   17;9.5    CO.       ) 

)    In 

"    57^  "       "  "      198  "       "      .37      "       "         "       "      IGl  "  )ai.:ount 

)p-Liii:ped 

"  38  "   "      "197     "   "   18   "   "    "   "   179     "     ) around 

)in  30" 

"  39  "   "      "   196.5   "   "    0   "   "    "   "   196.5   "     ) 

The   effect    observed  at   2:25   V.].],    at   39°     is    coimtcd  in 
on  makin.';  up   the  procGcdinp:  table   of  roctilts,    r^ince  tlie  }'eart  made 
a  fair  recovery  under  piirc   blood  although   it    stopped  beating  before. 
It    is   probable   that   tlie   effect    of  1,105  Air.ia   alcohol   at   39°is   oven 
greater  tl^an  196.5   CO.    rodirction,    a  greater  el'fcct    could  not   be 
detorrr.ined  as   th.ere  v/as  not  ir.orc  than   196.5   O.G.    puir.ped  aroixnd 
under  pure   blood. 

Average    re'.luction   159.83    C.G.    at    37"  in   arr.ount    purr.ped 
arouaid  in  30    seconds. 
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EXPERIMENT  IT.  I   June   Snd,    1886  /iP/.yoxyhydrat  e   l/20X  in   deflbrlnated 
calf's  blood.        Heart    isolation   Goirpletod  1:30   P.J.:.,    ron-.ained  fiood 
for  25  ir.in. 


Tlrr.e  Asr.ount   prui-pod  in   30    sec.         Teir.p.  Kind   of   blood. 

l:35  180  n.C.          "  35°  Pure 

:;:3G  184  "  "  "  " 

l:5G    30  soc.       182  "  "  35.5  " 

1:57   15  182  "  "  "  " 

l:38  183  "  "  36  » 

l:58   30  "  "  Air.yl    Ale.    l/20;i 

1:39    30  "         106  "  "  "  " 

1:40  80  "  "  "  " 

1:40    30  "              5  "  "  "  •» 

1:41  stopped  "  36.5  " 

1:41   30  sec.  "  Pure 

1:42   30  10  "  "  "  « 

1 : 43  72  "  "  "  " 

1:44  101  "  "  "  " 
1:45  140  "  "  37  " 
1:4:1  30  "  162  "  "  "  « 
1:46  180  "  "  "  «« 
l:46  30  "  AiT.yl  Ale.  l/20X 
1:47  30  100  "  "  "  " 
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Tiir.e 

Arr.ount   puir.ped  in   30    sec. 

T  err.p . 

Kind   of  blood. 

i:4S 

20    CO,          " 

37° 

Arr.yl   Ale.    1/20^ 

l:48   30 

stopped                    " 

37.5 

It 

1:49 

" 

Pure 

1:49   45 

35    C.C. 

n 

It 

1:50    35 

"           94         11            II 

38 

n 

1:51    30 

110 

« 

fi 

1:52 

129         "            " 

It 

II 

1:53    30 

"         102         "            " 

II 

It 

1:54    30 

174 

11 

ti 

1 :  55 

II 

u 

AiT.yl   Ale.    I/20X 

1:55  4r^ 

87 

II 

n 

l:5G    30 

46 

It 

II 

1:57    30 

stopped                    " 

11 

u 

l:58   30 

n 

39 

Pure 

1:59    30 

G4         "            " 

II 

It 

2:         30 

98 

It 

tt 

2:02 

122 

II 

•I 

2:03 

IGO 

tt 

It 

2:04 

168 

II 

ti 

2:04    30 

" 

Air.yl    Alcoliol 

2:05    15 

74 

II 

II 

2:06 

14 

II 

" 

2:07 

Heart   i  rrcr;- 
ular 

II 

It 
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Tiir.e  Arr.ount    pimTried  in   30    sec.         TGi''.p.  Kiiid   of  blood* 

2:07   30    sec.        leart    ivvec:-  39'  Pure 

lar 

2:08  Did  not    recover 

under  piire  blood* 

RESULTS: 

Effect    of  1/20;?  of  M-.yl   alcoliol   in   def ibirn.at ed   calf's 

blood  upon  tne   isolated   dog   heart. 

At    56°    a   fall    fror.  183   C.G.to   106   O.G.or   red. of   77   C.G.         )         In 

)ari".ount 

"    37'    "      "  "        180      "      "      100      "      "        "      "      80      "  )pTm:ped 

) around 

,1    ^p-     11       II  ,1         274      "       "         37       "       "         "       "      87       "  )    in  30 

)  seconds 

"    39       "       "  "         168      "       "         74      "       "         "       "      94       "  ) 

Average   taken  fron-.   tlie  rr.easuro/.'.ent  s   at    36°    37°  and  SB'' 
is   81.33   C.O,    reduction   at    37'  in  ajr.otrnt   pturped  around  in  30    seconds. 
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EXPERIMEITT  N.II  June  1st,  1886  Ajr.yloxyliyrtrat  e  \/^%  in  clef ibrliiat ed 
calf  £;  blood.  Isolation  eompletnd  3.?,2  n-.in.  P.  II.  Heart  under  ox- 
poriii^cntati  on   for  24  ir.in* 


Tirr.e  Amount    purr.ped   in  30    sec.         Teir.p.  Kind   of  blood< 

3:25  198    CO,  "  35.5"  Pure 

3126  199         "  "  "  " 

3:27  200         "  "  36  " 

3:28  198         "  "  "  " 

3:28   30  sec.  15  "  G^.  II^^O    l/S^i' 

3:29  48         "  "  "  " 

3:29    50  "    stopped  "  36,5  " 

3:30  30  "  Pure 

3:31  98   n.c.  "  "  " 

3:31    30  "         146         "  "  "  « 

3:52   30  190         "  "  37  " 

3:33    30  192         "II  n  ti 

5:34  191         "  "  "  « 

3:35 

3:36  30          "  "  "  « 

3:56    30  "      stopped  "  37.5  " 

3:37  30  "  Pure 

3:37    30  "           90         "  »  "  « 
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15  «  Air.yl    Ale.    \/T:>% 


T  i  rr.  e          A;  r.  oun  t   p  itrr/:  -  c  d 

in 

30    see. 

T  orr.p  . 

Kind  of  blood. 

3:38 

136    O.C. 

" 

37.5° 

Vuve 

3:38   30    soc. 

180 

II 

38 

11 

3:39 

178         " 

It 

II 

H 

3:39    30 

179         " 

IT 

" 

tl 

3:39    30 

179 

" 

3 :  40 

5:40    30 

8 

n 

3:41 

St 

;opi-ed 

5:41    30 

" 

3:42 

54    C, 

•  f) 

3:42   30 

!l 

112 

It 

3 :  43 

110 

II 

3:43    30 

106 

« 

3:44 

120 

It 

3:44   30 

" 

154 

" 

3:45 

169 

11 

3:45    30 

176 

» 

3:46 

177 

" 

3:46    30 

II 

176 

II 

3:47 

3:47    50 

" 

stopped 

3:48 

15  "  Arr.yl    ale.    l/S'A 


30  38.5  Pure 


39 


15  ••  M:yl   Ale.    1/5^ 
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Pure 


Tirr.e  AntOTint   pi.m:ped   in    30    sec.         Teir.p.  Kind   of  blood. 

3:49  heart   ber;an   to  puj-;T>  39,5°  Pure 

around  a^ain 
biit    so   v/eak 
that   t-ie    ex- 
pGrrr;.07-it    could 
n ot   be    c ori- 
tinuGd. 

As   it    was   found  tliat    l/5X   solution   of  Air.yl    alcoliol    could 
not   be   left    turned   on   and   flov/ing   thronr;h   the   heart    for   30    seconds 
without    cansinc   its   death.         It    '.vas   at,t  r^ir.pt  cd  to   allow   the  i.eas- 
ure::".ents   under  Air.yl    alcoh_ol    only   15    seconds   v/ith.   a   vi  ev/  to    observ- 
inp;   v/hat    its    effects   in  tl^at    period   of  t  ii..e   would  be. 

Tlie   follov;in/i;   are   the    results    of   above    experirr.ent . 

At    SS^'O    a   fall    from   198   0.0.    to    43    0.0.  or   red.    of   l^iO    O.C.     )After 

)flovang 

"    37°"    "         "  "      191       "         "      30       "       "         "         "      161       "         )t}irough 

)  alcohol 

"    3R'"    "         "  "      179       "         "         8       "       "         "         "      171       "         )for   15 

) seconds 

w      v^g*^    II      II  II  "         1  70         "  "  0  "  "  "  "         170         "  ) 

Averar;e   100.00    0.0,    reduction   a.t    37°  C.    after   an    exposure 
to  Air.yl    alcohol    and    counting:   15    seconds. 
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r:xrSRIJ,IEMT  Ilay   28th,    1886  l/s;''  An-.yloxyhydrat  e   G^ .  H  ,  0    in   defibrina- 
ted   calf's   blood.         Isolation    corr.ploted  2115   P.i.;,        Heart    under 
expGriiv.ontat:  on   for  26  rr.inntes. 


Tijr.e  Aj-r.ount   pnixped  in   30    sec.         Terr.p.  Kind   of  blood. 

2:18                          192    O.G.          "  36°    G  Pure 

2: 19                          192         "  "  "  " 

2:20                          192         "  "  "  " 

2:21  15  "  Ar.yl   Ale.    l/r^/ 

2:21    30    SGC.         40         "  "  "  " 

2:22                stopped  "  "  " 

2:23  30  36.5  P-ure 


37 


2:24 

50 

2:25 

140 

2:26 

162    ' 

2:27 

184 

2:28 

189 

2:29 

190 

2:30 

190 

2 :  31 

2:32 

29 

2:32 

30 

"   stopped 

2:33 

2:33 

30 

"     20 

15  "  A]T.yl    Ale.    1/5^ 


Pure 


57.5 


Time 

/or.ount    p-oir-ped  in 

30    sec. 

T  en-.p 

2:34 

58 

" 

37.5 

2:34 

30 

sec.         85 

" 

" 

2:56 

108 

II 

" 

2:37 

142         " 

" 

38 

2:38 

IGS 

" 

" 

2:39 

182         " 

« 

" 

2:40 

183 

11 

" 

2:40 

30 

182 

II 

" 

2:41 

15 

H 

2:41 

30 

10 

II 

" 

2:42 

stopped. 

II 

38.5 

2:43 

did  not    re- 
cover per- 
fectly Ul- 
der  pure 
blood. 

tt 

2:45 

ceased  beat- 

It 

Kind   of  blood. 
Pure 


Arcyl   Ale.    l/5^ 


Pure 


RESULTS: 

At    36°    a  fall    fron:   1P2   0.0. to   40    0.0.  or  red.    of   152   CO. 

n     ^ry  ^        n        ii  ir  190         "  "     '-'9        "         "  "  "        161         " 

II    3p^  *■      II       II         II         182      "         "10       "       "  "         "      17*^      " 

Avera'-e   reduction  161.66   0.0.  at   37° in     ajT.ount   pt-urped 
around  in   15    seconds. 

1/5X   of  A:r.yl   alcoliol    as    car    be    seen   froiT.   the   above   is    too 
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strong   a   solution  to    oqo  erirr.cnt    '■•/itli.         This   p  crcentaf-;G    solution 
cannot   bo   allov/ed   tumocl   on   and  flov/ing   tlirour;]i    the  licart    for  30 
seconds  v;'itliout    incvitobly   producing   its   deatli.        It   was   tlierefore 
only   allov/ed   to   flow  t]i.rour;]i   for  15    seconds,    hoping   tliat   we  ir.i  ght 
ti;us   judge   of   the    effects   that    would  bo  prodiTced   in   30    seconds   by 
doii-blinf;   the    re.<::nlts.      A  priori    this    is   not    tiie   n.ost    correct    v/-ay    of 
arguing,    but   under  tlie    conditions   nothing   v;as   left    to   do   but    one    of 
tv/o   things    (a)    either   reduce   the   tiir.e   th.rough  wliich   the   alcohol 
flov/od  th.rough   th.e  heart    or    (b)    reduce    th.e   strenf;:th   of   the    solution 
As   v/e    shiall    see  botli  ir.ethods      led   to   approximately  tlie   sa:r.e   re- 
sults  and  partially   supplemented   eacli  otlier. 
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RESULTS    OF  EXl^ERIMENTS   V/ITH  Al.IYL   ALCOHOL. 


1/5^'    (^^-^i.    0,         Reduction   in   ar^.o^^nt   pmrxed   aro-.ind  b:."   isolatGd   dog 

heart    in   15    seconds   at    37°   effected  by   1/5/^   solution   AiT:yl    alcohol 

May   23t]i,    1386,101.66    C.C.)         Avora^;e         161.16    O.C, 

) 
June   1st,  "   160.66      "      )        at    57  ""  in  15    seconds. 


l/lO/'-o   C^_   II      0      I'ednctions   under  1,  lO^o   iVn-.yl    alcohol. 


Hay   27tli,    1886,159.  C.C, 

June   ord,  (I)"      163.3  06  " 
"         "       (II)"      163.85 

"         4th,  "       159.83  " 


Averar;e   161.508   C.C. 
reduction   in 
30    seconds 
at    37  ° 


If  Yfe  ;T.ay   judge   fron:   tvfo    experiir.ents  v/-:  th   l/5^^  ^-j--'^^'    ^ 
and   coir.pare   tlicir.   v/lth.   the   gcnersJ.    result    of   four   exi:  eriir.cnt  s   vdth 
1/1 OX  C^- H^    0    it    is    evident   th.at    l/5X  will    cause   the    same    reduc- 
tion  in  15    seconds   that   l/lO/?   did  in   30    seconds. 

1/20/''  C     H     0:    Reduction  observed  in   one    experirr.ciit    in 
whicl:  l/20;i'  Ajv.yl    alcoliol    vras    eriTloyed. 

81.33   C.C.    reduction   in   30    sec.    at    37" 

Average   of   one    e>q^erin-.ent   v/itli   l/lO/^'  Ar.:yl   Alcohol   ^Yhi  ch 
v/as   started  at    a  high  teirperature   and  gradually   lovrered. 
Jruie    4tli,    1886,    158.83    C.C. 
reduction  at   37^  in   axr.ount  puir.ped  around  in  30   see* 
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